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Foreword—D.L. Helfet 


Foreword 


Revolutions, and their leaders, that are suc- 
cessful and survive are rare—especially in 
medicine. The five founders of the AO were 
such, and like true revolutionaries they had to 
convince the proletariat that this revolution, 
though appealing to surgeons, was also based 
on scientific principles. To do this required 
careful documentation of all cases, from which 
evaluation and learning allowed them the full 
development of a method which culminated in 
the original AO Manual, the working treatise 
of this remarkable AO revolution. 

Fortunately, the revolution continues even 
today—the principles remain the same, but the 
methods have evolved, as clearly they should. 
This, the fifth major publication, is no longer a 
manual, as its predecessors, but an interpre- 
tation of the AO philosophy and principles as 
they apply to the management of fractures for 
the new millennium. In addition, the baton has 
been passed and the message herein has been 
written by the many disciples of the founders— 
all of whom have benefited, as have their many 
patients worldwide, by their association with 
the AO revolution. 

As befits the AO at the turn of the new 
century, the format is also revolutionary and 
high tech, including a written tome and a CD- 
ROM version with surgical techniques, videos 
and annotated references—a first for such a text, 
to my knowledge, in surgery, let alone for frac- 


tures. This yeoman task has been spearheaded 
by Thomas P. Rtiedi and William M. Murphy, 
who with their associate editors and AO “in- 
house” Publication Department, under the 
direction of Rainer Egle, in collaboration with 
Thieme International, have produced this, the 
AO “Bible” for the new millennium—a truly 
remarkable achievement. 

On behalf of all fracture surgeons, but espe- 
cially those of the AO family, our thanks and 
congratulations to all those involved and may 
the revolution, started 40 years ago, continue 
to flourish and evolve. 


David L. Helfet, MD 
New York, March 2000 
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The first AO book appeared in 1963, four years 
after the founding of the Swiss AO group. The 
editors were the group’s founders, Maurice E. 
Miller, Martin Allg6wer, and Hans Willenegger 
and what they were introducing was a new set 
of principles—at that time quite revolutionary— 
of fracture treatment by absolute stability ob- 
tained through interfragmentary compression 
which produced rigid fixation. The feature of 
the book was a consecutive, fully documented 
and illustrated series of 188 lower leg fractures 
that had been internally fixed during a four- 
month period (winter 1961/62) at the depart- 
ment of surgery in Chur under the chairman- 
ship of Martin Allgower. 

Their thesis was backed up by this unique 
series, which demonstrated the effectiveness of 
fracture treatment when rationally conceived 
and properly performed. 

In 1969, the first edition of the “AO Manual 
of Internal Fixation” was published by the same 
authors, offering step-by-step guidance on how 
to perform operative fracture treatment when 
it was indicated. Due to the high demand, that 
book, originally in German, was immediately 
translated into English, French, ltalian, and 
Spanish. Revised editions followed in 1977 and 
1992, again translated into many languages, 
including Chinese, Japanese, and Russian. All 
in all, close to 110,000 AO books have been 
distributed in the past 35 years. 


Introduction to the AO Principles of 
Fracture Management 


Today, 40 years after the founding of the 
Swiss AO group, with worldwide acceptance of 
operative fracture management and with a 
considerable evolution in the concepts of frac- 
ture healing, it seemed appropriate to per- 
petuate the tradition in a somewhat different 
format. 

The new publication on “AO Principles of 
Fracture Management” is designed not to be a 
handbook of osteosynthesis, but rather to offer 
comprehensive recommendations, supported 
by clinical guidance, on the principles of how 
to treat fractures in the new millennium. This 
content is based on the current concepts of AO 
teaching, with more emphasis on the patho- 
physiology and biology of fracture healing and 
somewhat less on the mechanical aspects, im- 
portant though these still remain. To assist the 
reader, the layout is based on the modular 
structures of the latest AO courses. 

Completely new and most attractive is the 
fact that besides the printed version, the entire 
book will be also provided on CD-ROM and 
eventually DVD-ROM. The somewhat uncon- 
ventional format of the book is designed to 
reflect the shape of a computer screen. The CD- 
ROM version allows the addition of video-clips, 
for example, the dynamics of reduction 
maneuvers and technical tricks and also the 
opportunity to access much of the bibliography 
for easier cross-referencing and personal study. 


We offer our grateful thanks for their work, 
their tolerance and their patience, to more than 
50 outstanding surgeons and scientists from 
across the world who have made contributions 
to this venture. It has been produced “in house” 
by the AO Publishing group under Rainer Egle 
and represents the efforts of a large and diverse 
team, as a glance at the acknowledgements 
section will confirm. Initiated two and a half 
years ago, the preparation of the manuscripts 
and illustrations, and the integration of the 
various innovations, took considerably longer 
than we had planned or anticipated, but hope- 
fully the reader will find the end result worth 
the wait. 

However, it is inevitable that not every 
statement will be agreed by all readers and that 
there will be some errors, the responsibility for 
which must lie with us, the editors, rather than 
the contributors. We do, however, invite con- 
structive criticism, hoping to improve not only 
in a later edition, which we hope will be re- 
quired, but before it. This invitation to make 
comments is something more than a standard 
editorial platitude. 
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We will be able to respond appropriately, 
because it is our intention regularly to reissue 
our CD-ROM in revised and improved form. 
This will allow us to correct any major errors 
and to enjoy the opportunity for regular up- 
dating with new references, techniques, im- 
plants, and instruments, while sparing our 
readers (and ourselves and successor editors) 
the burden and expense of over-frequent new 
editions. 

All of the surgeons involved in producing 
this book have, to varying degrees, been able 
to rely on successive editions of the AO Manual 
of Internal Fixation during our training and in 
our day-to-day working lives. With respect and 
gratitude we offer the dedication of this new 
style book to all those pioneers, some now no 
longer with us, who began this series of AO 
books, and in particular to the two peerless 
masters, Martin Allg6wer and Maurice E. 
Muller, whose lively presence in AO circles we 
hope will long continue. 


Thomas P. Rüedi, MD, FACS, and 
William M. Murphy, FRCSI 
Editors-in-Chief 
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William M. Murphy and Thomas P. Rtiedi 
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and appreciation to the many authors and co- 
authors who combined to write this book and 
we are grateful to our colleagues on the editorial 
board who put in many long hours of preparing 
texts and illustrations for publishing and who 
gave much support in a variety of other ways. 

Apart from the writers and editors, anumber 
of people have contributed to the production 
of this publication, and to mention them by 
name is only a very small token of thanks for 
much hard work. 
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Publishing under the guidance of Rainer Egle. 
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assistant Martina Spati, have accomplished the 
enormous and almost impossible task to manage 
over 50 authors (to say nothing of the editors). 
They had to prepare and finalize the manu- 
scripts to the very last details, and the layout 
work was then carried out with great expertise 
by Dr. Daniel Erni. 
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1 AO philosophy 


The philosophy of the AO group has remained 
consistent and clear, from its inception by a 
small group of friends and colleagues in 1958 
to its current status as a worldwide surgical and 
scientific foundation. Seeing as its central con- 
cern all patients with skeletal injuries and related 
problems, the philosophy has been directed to 
providing for them a pattern of care designed 
to bring an early return to mobility and func- 
tion. This philosophy has driven everything that 
has grown from the original aspirations and 
plans of the founding group, and remains the 
central inspiration of today’s AO Foundation. 

The key to its implementation has been 
effective and rational management of injured 
bones and soft tissues so as to foster rapid resto- 
ration of the patient’s function. Management 
protocols have constantly been adapted to take 
account of the fresh understanding of the 
healing process gained from growing clinical 
expertise and expanding research. 


AO philosophy and principles 


a Background 


In the first half of the 20th century, fracture 
Management was concentrated on the restora- 
tion of bony union, to the exclusion of other 
considerations seen today not only as relevant 
but essential. 

The methods employed to manage fractures, 
mostly by immobilization in plaster or by trac- 
tion, had the effect, too often, of inhibiting 
rather than promoting function throughout the 
healing period, which was itself frequently 
prolonged. The key concept of the AO was to 
give expression to its philosophy by safe and 
effective open reduction and internal fixation 
of fractures, intimately combined with early 
functional rehabilitation. 

Long before the establishment of the AO, 
there had, of course, been keen championship 
and authoritative recognition of the value of 
open reduction and fixation of fractures. The 
innovative approaches and technical vision of 
early advocates of surgical fracture care are well 
documented. That their ideas were either not 
heard or failed to penetrate shows how arid was 
the ground on which these pioneering seeds 
first fell and, equally, what great technical and 
biological obstacles remainded to be overcome. 


The list is formidable: infection, dubious metal- 
lurgy, poor biological awareness, ill-conceived 
implants, and an underdeveloped understanding 
of the role of fixation were all added to peer 
group scepticism often amounting to real hos- 
tility. 

Thus, such highlights as the visionary inno- 
vations of the Lambottes, the technical achieve- 
ments of Kintscher with the intramedullary 
nail, and the conceptual advances of Lucas 
Championniere and his protagonist Perkins in 
introducing early motion (albeit on traction), 
were dimmed by an apparent inability to 
reconcile within one pattern of care the two 
concepts of effective splintage of the fracture 
and controlled mobility of the joints. 


3 The role of the AO 


What was needed—and what the AO pro- 
vided—was a coordinated approach to identify 
these obstacles, to study the difficulties they 
caused, and to set about overcoming them. The 
chosen path was to investigate and understand 
the relevant biology, to develop appropriate 
technology and techniques, to document the 
outcomes and react to the findings, and, through 
teaching and writing, to share whatever was 
discovered. 

This enormous challenge had an apparently 
small beginning. In the 1940’s and 1950's, ques- 
tions were being asked, not least by the Swiss 
state and commercial insurance companies, as 
to why, if it took some fractures 6-12 weeks to 
heal, it often took 6-12 months for the patients 
to return to work. 

The story of how an encounter with Robert 
Danis, first through his writings and later by a 
personal visit, provided the inspiration for 
Maurice Muller and the group he subsequently 


gathered about him to begin developing answers 
to questions, has been well documented. 

The essence of Danis’ observation was that 
if he used a compression device to impart abso- 
lute stability to a diaphyseal fracture, healing 
without callus would take place and, while it 
was happening, the adjacent joints and muscles 
could safely and painlessly be exercised. 

Inspired by this concept and driven by a 
determination not only to apply it but to estab- 
lish how and why it worked, Müller and the AO 
group set in train a process of surgical innova- 
tion, technical development, basic research, and 
clinical documentation. This progressed as an 
integrated campaign to improve the results and 
minimize the problems of fracture care. They 
then set about propagating their message by 
writing and teaching. That work continues to 
this day, with involvement of many specialist 
groups working mostly, it should be said, in 
harmony to the common end of improving 
patient care world-wide, in greatly differing 
environments. 


4 AO principles 


Today, any statement of the key concepts—con- 
ventionally referred to as the AO “principles”— 
through which the AO philosophy was given 
expression, can be remarkably similar in wording 
to what appeared in the early AO publications 
from 1962 onwards. The essential feature, now 
as then, is the proper management of the frac- 
ture within the environment of the patient. The 
need was for a proper understanding of the 
“personalities” of the fracture and of the injury; 
from this all else would follow. 

The original management objectives were 
restoration of anatomy, establishment of sta- 
bility, while preserving blood supply, with early 
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mobilization of limb and patient. These were at 
first presented as the fundamentals of good 
internal fixation. However, with increased 
understanding of how fractures heal, with 
acceptance of the supreme role of the soft 
tissues and with ever-expanding understanding 
of how implants and bones interact, they have 
undergone certain conceptual and technological 
changes while gaining their present status as 
the principles not just of internal fixation but 
of fracture management overall. 

Central to the effective application of the 
AO’s concepts was the understanding that 
articular fractures and diaphyseal fractures have 
very different biological requirements. Allied to 
this was the increasingly clear recognition that 
the type and timing of surgical intervention 
must be guided by the degree of injury to the 
soft-tissue envelope and the physiological de- 
mands of the patient. 


5 Progress and 
~ development 


The AO principles relating to anatomy, stability, 
biology, and mobilization still stand as funda- 
mentals. How they have been expressed, inter- 
preted, and applied over the past 40 years has 
gradually changed in response to the knowledge 
and understanding emerging from scientific 
studies and clinical observation. 

It is now accepted that the pursuit of absolute 
stability, originally proposed for almost all frac- 
tures, is mandatory only for joint and certain 
related fractures (chapter 2.3), and then only 
when it can be obtained without damage to 
blood supply and soft tissues (chapters 1.5 and 
5.2). Within the diaphysis, there must always 
be respect for length, alignment, and rotation. 


When fixation is required, splintage by a nail 
is usually selected and this leads to union by 
callus. Even when the clinical situation favors 
the use of a plate, proper planning and the 
current techniques for minimal access and 
fixation have been designed to minimize any 
insult to the blood supply to the bony fragments 
and soft tissues. 

It must be appreciated that simple diaphyseal 
fractures react differently to plating and to 
nailing, and if plating is employed, absolute 
stability must be achieved. In contrast, multi- 
fragmentary fractures can all be treated by 
splintage. Fractures of the forearm diaphyses, 
where long bone morphology is combined with 
quasi-articular functions, need special con- 
sideration (chapter 4.3.1). Articular fractures 
demand anatomical reduction and absolute 
stability to enhance the healing of articular 
cartilage and make early motion possible, which 
is necessary for good ultimate function. 

The imperatives of soft-tissue care, originally 
expressed in the principle of preserving blood 
supply to bone, must be addressed in every 
phase of fracture management, from initial 
planning to how, if at all, the bone is to be 
handled. A clear understanding of the roles of 
direct and indirect reduction (chapter 3.1), to- 
gether with informed assessment of how the 
fracture pattern and soft-tissue injuries relate to 
each other, will lead to correct decisions on 
strategy and tactics being made and incorpo- 
rated into the preoperative plan. From this will 
follow the choice of implant compatible with 
the biological and functional demands of the 
fracture. 


ipee Philosophy and 
principles today 


In earlier days, the AO principles appeared in 
a succinct, even dogmatic format. Thus ex- 
pressed, they transformed not just internal 
fixation, but fracture management overall. Frac- 
ture care became a structured process, rooted 
in good science and technology and nourished 
by research and documented studies. 

The importance of and the need for fracture 
fixation in such difficult situations as infection, 
joint injuries, and polytrauma has been vali- 
dated and applied to patient care. 

These same AO principles are here set out 
in a form believed to be valid today. 


AO principles 


l. Fracture reduction and fixation to 
restore anatomical relationships. 

2. Stability by fixation or splintage, as the 
personality of the fracture and the 
injury requires. 

3. Preservation of the blood supply to soft 
tissues and bone by careful handling 
and gentle reduction techniques. 

4. Early and safe mobilization of the part 
and the patient. 


These still embody the AO philosophy of patient 
care and they can still be quite briefly stated. 
However, it takes a book the size of this one to 
give full expression to all that they imply for 
dealing with the consequences of trauma. 
Indeed, the continuing study of how the 
trauma patient’s tissues and psyche respond to 
injury and its management brings the encour- 
aging conviction that when the next formal 
restatement of the principles comes to be made, 


the knowledge and understanding on which 
they are based will once again have been ex- 
panded for the benefit of those to whom they 
are applied and those who apply them alike. 
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1 Introduction—siepian Perren 


This chapter addresses anyone who is eager to 
appreciate the biological and biomechanical 
basis of fracture management—the why and 
how of the way bone reacts to intervention— 
thus facilitating the choice of the appropriate 
procedure for any fracture problem. It offers a 
review of the basic rationale for the interested 
clinical user, rather than precise data for scien- 
tists. The literature quoted contains data con- 
cerning the special features discussed. For more 
extensive references the scientific literature 
should be consulted. In spite of worldwide 
research, much remains unknown or contro- 
versial. We will, therefore, consider the facts 
and abstain from far-reaching interpretations. 

The main goal of internal fixation is to 
achieve prompt and, where possible, full func- 
tion of the injured limb with rapid rehabil- 
itation of the patient. Although reliable fracture 
healing is only one element in functional recov- 
ery, its mechanics, biomechanics, and biology 
should be understood. For biological or bio- 


Biology and biomechanics 
in fracture management 


mechanical reasons it is often necessary to 
sacrifice some strength and stiffness. For inter- 
nal fixation, neither the strongest nor the 
stiffest implant is necessarily optimal. 
Internal fixation cannot permanently replace a 
broken bone but provides temporary support. 

Under critical conditions, the mechanical 
requirements may be more demanding than 
the biological advantages. Every surgeon must 
determine which combination of technology 
and procedure best fits his experience, environ- 
ment, and in particular the demands of the 
patient. 

Before choosing an implant material, several 
aspects have to be considered. Depending on 
the requirements, the stronger and more for- 
giving stainless steel may be preferable to the 
electrochemically inert and biologically superior 
and more deformable but less strong titanium. 
In other situations it may be more favorable to 
use titanium, especially in its pure c.p. titanium 
form. 


For internal fixation, neither 
the strongest nor the stiffest 
implant is necessarily optimal. 


Bone is strong but it breaks 


under very small deformation. 


The role of surgery should be 
to guide and support this 
healing process. 


2 Bone as a tissue 


The intact bone serves as a scaffold that sup- 
ports and protects the soft parts and enables 
locomotion and mechanical functioning of the 
limbs. The important mechanical characteristics 
of bone are its stiffness (bone deforms only a 
little under load) and strength (bone tolerates 
high load without failure). In considering a 
fracture and its healing, the brittleness of bone 
is of special interest: bone is strong but it 
breaks under very small deformation [1]. 
This means that bone behaves more like glass 
than like rubber. Therefore, at the onset of 
fracture healing, bone cannot bridge a fracture 
gap which is continually subject to displace- 
ment. For an unstable or flexibly fixed (see 
section 4.2) fracture, a sequence of biological 
events, mainly the formation of soft and hard 
callus, helps to reduce the mobility and de- 
formation of the repair tissues. Resorption of 
the fragment-ends further reduces tissue de- 
formation. These reactions ultimately promote 
biological stabilization of the fracture. Finally, 
internal remodeling restores the original bone 
structure. 


3 Fracture of bone 


A fracture is the result of single or multiple 
overload. The fracture occurs within a fraction 
of a millisecond. It results in appreciable 
damage to soft tissue due to rupture and an 
implosion-like process. Rapid separation of 
fracture surfaces creates a void resulting in 
severe soft-tissue damage (Video AO51010). 


3.1 The mechanical and 
chemical effects of the 
fracture 


The mechanical effect of a fracture consists 
primarily in a loss of bony continuity, resulting 
in pathological mobility and loss of the support 
function of bone, and leading ultimately to 
pain. Surgical stabilization may restore the 
function immediately. Thus, the patient regains 
pain-free mobility and avoids such sequelae of 
disturbed or abolished function as algodys- 
trophy (see chapter 6.5). 

Traumatic discontinuity of bone ruptures 
blood vessels within and without the bone. 
Spontaneously released chemical agents help to 
induce bone healing. In fresh fractures these 
agents are very effective and scarcely need any 
boost. The role of surgery should be to 
guide and support this healing process. 


Ta Video A051010 
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3.2 Fracture and blood 
supply 


Although a fracture is a purely mechanical 
process, it triggers important biological 
reactions such as bone resorption and 
bone (callus) formation. These two processes 
depend on the blood supply. The following 
factors may almost always damage the blood 
supply and have an immediate bearing on the 
surgical procedures: 

e The accident: As a result of the dis- 
placement of the fragments, periosteal 
and endosteal blood vessels are rup- 
tured and periosteum is stripped. 
Furthermore, the implosion damages 
the soft tissues which are essential for 
the repair process as well. 

e The transportation: If rescue and 
transportation take place without prior 
fracture stabilization, motion at the 
fracture site will add to the initial 
damage. 

e The surgical approach: All surgical 
exposures of the fracture will invariably 
result in additional damage, as shown 
by recent work on ligation of the 
perforating arteries in the femoral 
diaphysis [2]. 

¢ The implant: Considerable damage to 
bone circulation may result not only 
from the retraction and periosteal 
stripping required to apply an implant, 
but also from the interface between 
that implant and the bone (Fig. 1.2-1) 

[3]. 

e Elevated intra-articular pressure re- 
duces the epiphyseal bone circulation, 
especially in young patients. 


Dead bone can only be revitalized by removal 
and replacement (creeping substitution), a 
process which takes a long time to be com- 
pleted. It is generally accepted that necrotic 
tissue (especially bone) disposes to and sustains 
infection (see chapter 6.1). Another effect of 
necrosis also studied is the induction of internal 
(Haversian) remodeling. This allows replace- 
ment of dead osteocytes but results in tempo- 
rary weakening of the bone due to the temporary 
porosis which is part of the remodeling process. 
Under certain combinations of damage and 
loading, sequestration of a dead bone fragment 
may ultimately occur with long-lasting con- 
sequences. 


Fig. 1.2-1: The effect of implant contact upon bone blood 
supply. The blood supply within the area immediately 
deep to the plate is damaged. This area will undergo 
remodeling that removes the dead bone. During the 
second and third month after onset of necrosis, the 
induced remodeling results in temporary porosis. Such 
porosis corresponds to the tunneling activity of the 
Haversian osteons. It will subsequently be filled up. 
Occasionally, in the presence of an infection the 
temporary porosis may lead to sequestration. 


A fracture is a purely 
mechanical process, but 
triggers important biological 
reactions. 
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Fracture of a bone in most 
cases produces a completely 
unstable situation. 


Nature tries to stabilize mobile 
fragments by muscle 
contraction. 


4 Biomechanics and bone 
healing in different 
situations 


4.1 Fractures without 
surgical stabilization 


4.1.1 Mechanics 

Fracture of a bone in most cases produces 
a completely unstable situation. Obvious 
exceptions to this statement are impaction 
fractures of the metaphyses. Non-displaced 
fractures with intact periosteum, as well as 
abduction fractures of the proximal end of the 
femoral neck and green-stick “fractures”, are 
relatively stable. 


Fractures without treatment 


Without treatment, nature tries to stabilize 
the mobile fragments by pain-induced 
contraction of the surrounding muscles, 
which may lead to shortening. At the same 
time, hematoma and swelling increase the 
hydraulic-pressure effect, although only 
temporarily, and may also have a transient 
stabilizing effect. 

Observations made of bone healing without 
treatment are a help in understanding the 
positive and negative effects of medical inter- 
vention. It is surprising to observe how well 
initial mobility is compatible with solid bone 
healing (Fig. 1.2-2). In such cases the residual 
problem is lack of alignment and, consequently, 
impairment of function. 


Fractures with conservative treatment 


As in any fracture treatment, conservative 
management consists first in closed reduction 
to restore gross alignment. Subsequent stabili- 
zation maintains reduction and reduces mo- 
bility of the fragments which enable them to 
“unite” readily. In conservative treatment 
stabilization is achieved by the following 
means. 


Fig. 1.2-2: Spontaneous healing of a fracture without 
treatment. Solid healing has been achieved but there is a 
severe degree of malalignment. 
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Traction (Fig. 1.2-3) 


Application of traction along the long axis of the 
bone not only aligns the bone fragments, by, for 
example, “ligamentotaxis”, but provides some 
stabilization as well. 


External splinting 


Application of externally applied splints made 
of wood, plastic, or plaster results in a certain 


Fig. 1.2-3: Fracture reduction and stabilization by means 
of traction. a/b) Figures illutrate that the force reducing 
the fracture perpendicularly to the long axis decreases 
with alignment. Thus gross mobility is reduced while 
micro-motion persists. c) Stabilization of a fracture using 
a plaster cast. The plaster cast acts like a splint, it reduces 
mobility but does not abolish it. The cast represents a 
very stiff splint. The mobility stems from the fact, that the 
plaster cast is only loosely coupled to the bone through 
soft tissues. 


amount of fracture stabilization. The splint 
dimensions are the most important mech- 
anical element. Therefore, circular external 
splints are very stiff and strong, based on their 
large diameter. The strength of an external 
splint is mainly a function of its dimensions. A 
circular splint with its large outer diameter is 
very stiff, but its poor coupling to bone, because 
of interposed soft tissue, reduces its efficiency. 
Externally applied splints (plastic cast) result in 
restoration of gross anatomy and maintenance 
of reduction under conditions of relative 
mobility. In diaphyseal fractures, correct 
fragment alignment is all that is needed for 
proper function of the limb or for prompt 
healing of the fracture. In articular fractures, 
however, precise anatomical reduction is im- 
portant to avoid incongruency which would 
give rise to excessive local strain (see also 
chapter 3.1). 


4.2 Fractures with flexible 
surgical fixation— 1112 Claes 


With flexible fixation, the fracture frag- 
ments displace in relation to each other 
when load is applied across the fracture 
site. A typical example is “splinting” by nail or 
bridging plate, in contrast to compression plat- 
ing which is non-flexible. Displacement in- 
creases with the applied load and decreases 
with the rigidity of the splint. The two types of 
behavior under flexible fixation are: 


e Elastic: The load results in reversible 
deformation of the splint. After un- 
loading, the fragments of the fracture 
spring back into their former relative 
position. 


The splint dimensions are the 
most important mechanical 
element. 


With flexible fixation, the 
fracture fragments displace in 
relation to each other when 
load is applied across the 
fracture site. 
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All fixation methods with the 
exception of compression 
techniques may be seen as 
flexible fixations. 


External fixators provide 
fixation based on the principle 
of splinting. 


e Plastic: The load results in an irre- 
versible deformation of the splint, and 
the fracture fragments maintain 
permanent displacement. Plastic 
deformation occurs immediately 
following a variable amount of elastic 
deformation. 


4.2.1 Mechanics 


Mechanics of flexible fixation 


There is no exact definition of required or 
tolerated flexibility or relative stability. In 
general, a fixation method is labeled as flexible 
if it allows an appreciable interfragmentary 
movement under functional weight bearing. 
Therefore, all fixation methods with the 
exception of compression techniques may 
be seen as flexible fixations. Devices for 
fracture fixation such as external fixators, 
internal fixators, or intramedullary nails possess 
various degrees of stiffness and lead to fixations 
of gradually differing flexibility depending on 
how they are applied and loaded. However, all 
of them allow interfragmentary movement, 
which can stimulate callus formation or inhibit 
bony union. 


Intramedullary nail 


The classical Ktintscher nail, implanted after 
reaming, achieves good stability against bend- 
ing moments and shear forces perpendicular to 
its long axis, but it is rather inefficient against 
torque and is unable to prevent axial short- 
ening (telescoping). The torsional stiffness of 
slotted nails is low and the torsional and axial 
coupling between the nail and bone is loose. 
Therefore, the effective application of this nail 


was mainly limited to simple transverse or short 
oblique fractures (i.e., fractures that provide 
buttress and spontaneously lock against tor- 
sion). Additionally, the Küntscher nail is flexi- 
ble in bending, which promotes callus for- 
mation. 

Progress in nail design, notably the intro- 
duction of locking, which, in turn, made pos- 
sible the development of the solid nail, over- 
came the limitations of the Ktintscher nail. Due 
to interlocking, such nails are better able to 
withstand torsional moments and axial loading 
[4]. The stability under these loads is dependent 
on the diameter of the nail and the geometry 
and number of the locking bolts and of their 
spatial arrangement. The bending flexibility 
depends on the fit of the nail within the medul- 
lary canal and the extent of the fracture area, 
and can be as small as the bending flexibility of 
the nail itself. Intramedullary nails are located 
within the mechanical center of the bone and, 
therefore, have similar mechanical behavior in 
the frontal and lateral plane. This differs from 
what occurs with plate fixation (for more in- 
formation see chapter 3.3.1). 


External fixators 


External fixators provide fixation based on 
the principle of splinting. Today’s external 
fixators are commonly used as unilateral (or 
monolateral) devices. These are splints which 
are eccentrically located, in contrast to the nails, 
and exhibit an asymmetric mechanical be- 
havior. They are stiffer when loaded in the 
plane of the Schanz screws than when per- 
pendicular to them. An exception to this 
statement concerns ring fixators which display 
almost uniform behavior in all planes, so that 
displacement of the bone fragments in relation 
to one another is mainly axial. 
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The stiffness of fracture stabilization by 
external fixation depends on a number of fac- 
tors, such as: 

e The type of implants used, for example, 
screws and bars. 

e The geometrical arrangements of these 
elements in relation to the bone. 

e The characteristics of the coupling 
of the device to the bone [5] (see 
chapter 3.3.3). 


The most important factors with respect to the 
stability of the fixation are: 

e Stiffness of the connecting rods. 

e Distance between the rod (or rods) and 
the bone axis. The stiffer the rod (or 
tube) and the nearer it is to the bone 
axis, the more rigid is the fixation. 

e Number, spacing, and diameter of the 
Schanz screws or of the wires, and their 
tension. 


Usually, two Schanz screws of proper diameter 
in each main fragment are sufficient for a 
flexible fixation of a long bone fracture. The 
interfragmentary movement of a fracture fixa- 
tion by a unilateral fixator under loading is a 
combination of axial, bending, and shearing 
displacement. Conventional applications like 
AO-double-tube arrangements result, under 
partial loading of 200-400 N, in interfrag- 
mentary movements of several millimeters and 
stimulate callus formation. The external 
fixator is the only system which allows the 
surgeon to control flexibility of the fixation. 
This technique can also be used to modify 
the loading of the fracture area as healing 
progresses. This can be done by extending the 
distance between the bar (fixator body) and the 
bone, or by reducing the number of bars (or 
tubes in case of a double-tube fixator). In ad- 


dition, some types of external fixators allow 
axial telescoping, to stimulate the healing pro- 
cess (see chapter 3.3.3). 


Internal fixators, bridging plates 


Plates which span a comminuted fracture in the 
manner of the external fixator, provide elastic 
splinting. The stiffness of such an osteosynthesis 
depends on the dimensions of the fixator or the 
plate and the quality of coupling to the main 
fragments (see chapter 3.3.2). 


4.2.2 Bone healing in unstable 
conditions 


General remarks concerning bone healing 
under unstable conditions 


Fracture healing under unstable or flexible 
fixation typically occurs by callus forma- 
tion that mechanically unites the bony 
fragments. The sequence of callus healing can 
be divided into four stages: inflammation, soft 
callus, hard callus, and remodeling. The stages 
overlap and are determined arbitrarily. Al- 
though different investigators have described 
various graduations, the cascade of the healing 
processes is basically the same [6]. 


Inflammation 


After the fracture, inflammation soon starts, 
and lasts until cartilage or bone formation 
begins to occur (1-7 days post-fracture). 
Initially there is hematoma formation and 
inflammatory exudate from ruptured blood 
vessels. Bone necrosis is seen near the ends of 
the fracture fragments. Vasodilatation of vessels 
and hyperemia in the soft tissues surrounding 


Fracture healing under flexible 
fixation typically occurs by 
callus formation. 


The external fixator allows the 
surgeon to control flexibility. 
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the fracture take place. Ingrowth of vaso- 
formative elements and capillaries into the 
hematoma then occurs and cellular pro- 
liferation is enormously enhanced. Cells 
involved during this inflammatory period are 
polymorphonuclear neutrophils, macrophages, 
and, later on, fibroblasts. A network of fibrin 
and reticulin fibrils and also collagen fibrils are 
present in the hematoma. The fracture hema- 
toma is gradually replaced by granulation 
tissue. Osteoclasts in this environment remove 
necrotic bone at the fragment ends [6]. 


Soft callus 


Eventually, pain and swelling decrease and soft 
callus is formed. This corresponds roughly to 
the time when the fragments are no longer 
freely moving, approximately 3 weeks post- 
fracture. By the end of this stage, the stability 
present is adequate to prevent shortening, 
although angulation at the fracture site can still 


a) 


Fig. 1.2-4: a) New bone formation starts periosteally far 
from the fracture line and progresses towards the fracture 
level. Callus wedges unite most frequently peripherically 
and endosteally, whereas cortical healing occurs after 
bridging by callus. 


occur. The soft-callus stage is characterized by 
an increase in vascularity and ingrowth of 
capillaries into the fracture callus and by a 
further increase in cellularity. Fibrous tissue 
replaces the hematoma. New bone formation 
starts subperiosteally, and chondroblasts appear 
in the callus between the bone fragments [6, 7]. 


Hard callus 


When the fracture ends are linked together by 
soft callus, the stage of hard callus starts and it 
lasts until the fragments are firmly united by 
new bone (3-4 months). The soft callus is 
converted by enchondral ossification and in- 
tramembranous bone formation into a rigid 
calcified tissue. 

Chronological analysis shows that bony callus 
proliferation begins in areas remote from the 
fracture which are mechanically idle, and slowly 
progresses towards the fracture (Fig. 1.2-4). Two 


b) Histological section of a callus healing in sheep tibia after 
osteotomy and external fixation (9 weeks postoperatively). 
©) Fluorescent labeling of the progress of new bone 
formation in sheep tibia 9 weeks postoperatively (green 
4 weeks, yellow 8 weeks staining). 
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different types of bone formation occur at the 
same time: 

e Enchondral ossification, mainly in the 
late phase of periosteal callus forma- 
tion, 

¢ Intramembranous bone formation 
periosteally and endosteally. 


Bony bridging of the callus normally occurs at 
the periphery of the periosteal callus and en- 
dosteal bone and precedes the remodeling phase. 


Remodeling 


This stage of remodeling begins once the 
fracture has solidly united. The process 
may take from a few months to several 
years. It lasts until the bone has completely 
returned to its original morphology, including 
restoration of the medullary canal. The woven 
bone is slowly replaced by lamellar bone. 


Biomechanics of callus healing 


When bone fractures are splinted, movement of 
the fragments in relation to one another 
depends on the amount of external loading, 
stiffness of the splints, and the stiffness of the 
tissues bridging the fracture. 

Initial postoperative interfragmentary move- 
ment decreases [8-10] healing time in relation 
to the increasing size and rigidity of the callus. 
When the interfragmentary movement is suffi- 
ciently reduced, “hard” bony callus bridging 
can occur (Fig. 1.2-5). For cell and tissue differ- 
entiation within the healing zone, the local 
tissue strain and hydrostatic pressure are more 
important than the interfragmentary movement. 
In an early stage of healing, when mainly 
fibrous tissue is present, the fracture tolerates a 


deformation or tissue strain greater than in a 
later stage when the callus contains mainly 
calcified tissue. Strain conditions will have to 
be taken into account when judging under 
which clinical conditions bony bridging will 
occur or a non-union develop. Bony bridging 
between the distal and proximal callus 
formations can only occur when the local 
strain, i.e., relative deformation, is below that 
of the newly formed bone [11]. Even for the 
most simple fracture pattern and interfrag- 
mentary movement the tissue strain shows an 
inhomogeneous distribution in the callus and in 
the cortical fracture gap [12]. Furthermore, the 
structure of the bridging element (direct 
connection or “woven” bone) is an essential 
factor. However, as long as the local mechanical 
conditions allow the cells to produce bone by 
enchondral ossification and/or intramembranous 
bone formation, the stiffness of the callus can 
be increased and the local tissue strain reduced 
to values which then allow for bony bridging. 


Strain conditions will have to 
be taken into account when 
judging whether bony bridging 
or non-union will occur. 


The stage of remodeling may 
take from a few months to 
several years. 
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Fig. 1.2-5: Typical course of interfragmentary movement 
monitored for human tibial shaft fractures. The post- 
operative initial interfragmentary movements under 300 N 
axial load (normalized to 100% at the outset) decrease 
with the passage of time. After about 13 weeks, the 
callus healing has stabilized the fracture. 
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Complex multifragmentary 
fractures tolerate more motion 
between the fragments than 
simple ones. 


Much of the vascular supply to 
the callus area derives from 
the surrounding soft tissue. 


Stimulation of callus formation 
seems limited and may be 
insufficient if too large a 
fracture gap persists. 


Bone forming cells such as osteoclasts and 
chondrocytes are located at the surface of the 
cortex or the existing callus. They experience 
the local surface strain and hydrostatic pressure 
which may be different from the strain between 
the bony surfaces [12, 13]. 

Multifragmentary fractures seem to tol- 
erate more motion between the two main 
fragments because the overall movement is 
shared by several serial fracture planes, 
which reduces the tissue strain or defor- 
mation locally. 

Today there is clinical experience and ex- 
perimental proof that flexible fixation can 
stimulate callus formation, thereby accelerating 
fracture healing [10, 14]. This can be observed 
in diaphyseal fractures splinted by intramed- 
ullary nails, external fixators, or bridge plating. 
However, if the interfragmentary strain is ex- 
cessive (instability), or the fracture gap is too 
wide, bony bridging by callus is not obtained in 
spite of good potential callus formation (hyper- 
trophic non-union) [15]. 

The capacity to stimulate callus for- 
mation seems to be limited and may be 
insufficient when large fracture gaps are 
to be bridged [16]. In such cases “dynami- 
zation” by allowing axial shortening of the 
fixation device (nail or external fixator) can 
reduce the fracture gap and permit bony 
bridging. On the other hand, interfragmentary 
movement (loading) may also be too small to 
stimulate the necessary callus formation if the 
fixation device is too stiff, or if the fracture gap 
is too wide (low strain) [11]. 

Again dynamization may be the solution to 
the problem. If a patient is too immobile to load 
the operated leg, an externally applied load 
might be the way to stimulate callus formation 
[17]. 


Callus healing and blood supply 


An immediate reduction of total bone blood 
flow has been observed following a fracture or 
osteotomy, the cortical circulation being re- 
duced by nearly 50% [18]. This reduction has 
been attributed to a physiological vasocon- 
striction in both the periosteal and the med- 
ullary vessels as a response to trauma [19]. 
During the repair of a fracture, however, the 
adjacent intraosseus and extraosseus arterial 
circulation proliferates. After 2 weeks, a peak of 
blood supply can be observed. Thereafter, 
during healing, blood flow in the callus area 
gradually decreases again. There is also a tem- 
porary inversion of the normally centripetal 
blood flow after disruption of the medullary 
system. Microangiographic [20, 21] studies 
have demonstrated that much of the vascular 
supply to the callus area derives from the 
surrounding soft tissue (Fig. 1.2-6) [20, 21], 
a reason not to strip any soft tissues! 


Fig. 1.2-6: Blood supply of callus formation. Top: before 
bony bridging. Bottom: after bony bridging. la) nutrient 
artery ascending, Ib) nutrient artery descending, II) meta- 
physeal arteries, III) periosteal arteries (adapted from 
Rhinelander). 
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The early vascular response seems to be 
extremely sensitive to the prevailing mech- 
anical conditions. The vascular response in the 
cortex and in the bone marrow appears to be 
greater after more flexible fracture fixation than 
when rigid fixation is employed. However, 
large tissue strains, caused by instability, reduce 
the blood supply, especially to the fracture gap 
[22]. 

Internal fixation of fractures alters the 
biology of fracture healing because the frac- 
ture hematoma and soft-tissue blood supply are 
affected by the operative procedure. Following 
considerable intramedullary reaming, endosteal 
blood flow is reduced, but if reaming has been 
moderate, it is rapidly restored. 

Reaming does result in a delayed re- 
turn of blood flow in cortical bone, which 
depends on the extent of reaming and the size 
of nail [23, 24]. Overall, endosteal blood per- 
fusion is less affected by nailing without 
reaming than by “reamed nailing”. Histological 
investigations showed that bone healing was 
faster after nailing without reaming and that 
the area of avascularity was reduced. However, 
the presence or absence of reaming did not 
affect the blood flow within the fracture callus, 
because the callus was mainly vascularized 
from the surrounding soft tissues [25]. 

The least damage to the blood supply, 
however, is done by the use of external or 
internal fixators with minimal fragment ma- 
nipulation and little contact between implant 
and bone [26, 27]. 


4.3 Fractures with absolute 
stability of surgical 
fixation—stepian Perren 


General comments 
concerning absolute 
stability 


4.3.1 


If a fracture is bridged by a stiff splint, its mo- 
bility is reduced and little displacement occurs 
under functional load. This is often called rigid 
fixation. Although rigidity of the implants 
contributes to reducing fracture mobility, the 
only technique which will effectively abolish 
motion at the fracture site is interfragmentary 
compression (i.e., compression acting between 
the fragments). 

Absolute stability diminishes the strain 
at the fracture site to such an extent that 
allows for direct healing without visible 
callus. Direct healing of this kind is rather a 
consequence of the existing biomechanical 
conditions than a goal in itself. When cortical 
bone is avascular due to trauma, long-lasting 
stability is required and this is where absolute 
stability offers the best conditions and chances 
for healing. In case of complications, disturb- 
ance of bone biology or vascularity is by far 
more serious than a mechanical condition 
arising from too flexible a fixation-high strain- 
possibly resulting in delayed union or non- 
union. It takes much more experience and 
greater skill to treat a complication due to 
disturbed vitality than to fix a simple 
reactive (hypertrophic) non-union which 
just needs added mechanical stability (see 
chapter 6.3). 
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Internal fixation of fractures 
alters the biology of fracture 
healing. 


Reaming does result in a 
delayed return of blood flow in 
cortical bone. 


Absolute stability reduces 
strain at the fracture site that 
allows direct bone healing. 


Blood supply is least damaged 
by using external or internal 
fixators. 


Treating complications due to 
disturbed vitality—vascularity— 
requires great skill. 
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4.3.2 Basic aspects of mechanics 


The tools to achieve absolute stability are: 
« Compressive preload 

Compression maintains close contact 
between two fragments, as long as 
compression at the fracture site exceeds 
the traction forces acting at the frag- 
ment ends. Studies using the sheep as 
an experimental animal showed that 
compressive pre-load does not produce 
pressure necrosis, neither in plate 
screws nor in axially compressing 
plates [6, 28]. Rahn [29] could show 
that even overloaded bone does not 
undergo pressure necrosis provided 
overall stability is maintained 
(Fig. 1.2-7). 
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Fig. 1.2-7: Stabilization through application of compres- 
sion. The compressive preload abolishes displacement of 
the fracture fragments and results in absolute stability as 
long as the compression produced is larger than the 
traction produced by function. 


¢ Production of friction 
When fracture surfaces are compressed 
against each other, friction is installed. 
Friction counteracts shear forces that 
act tangentially so sliding displacement 
is avoided (Fig. 1.2-8). Shearing stems, 
in most cases, from torque applied to 
the limb and is more important than 
forces acting perpendicular to the long 
axis of the bone. The amount of friction 
depends on the compression between 
the surfaces. For smooth bony surfaces 
the normal forces produce somewhat 
less than 40% of friction [30-32]. 
Rough surfaces allow a form fit and 
interdigitation of the fragments, which 
additionally counteract displacement 
due to shear. 


Fig. 1.2-8: Stabilization through application of com- 
pression producing friction. As long as the amount of 
friction is larger than the force that tends to displace the 
fracture along the fracture plane, absolute stability is 
maintained. Screw fixation of a plate relies on the same 
mechanism. 
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4.3.3 Implants providing absolute 


stability of fixation 


Lag screws and interfragmental 
compression (see chapter 3.2.1) 


The lag screw is a good example of an implant 
which relies heavily upon compression. The lag 
screw is applied to have purchase only in the 
remote cortex, and approximation between the 
thread and the head of the screw results in 
interfragmentary compression between the 
cortices. The fracture located between the 
remote and near cortices is thereby compressed 
and absolute stability by pre-load and friction is 
obtained. 

In vivo experiments have shown that with 
lag screws not only can high amounts of forces 
(> 2,500 N) be produced [6, 33] (Fig. 1.2-9), but 
moreover, that such forces are maintained 
over a period which exceeds the time required 
for fracture healing. Compression produced 
by a lag screw is not only large, but it acts 
optimally from within the fracture in contrast 
to the compression produced by plates (see 
chapter 3.2.2). 


Special biomechanical aspects and 
limitations 


There are two relative disadvantages of com- 
pression fixation by lag screw only. Lag screws 
provide a high amount of compression, but the 
lever arm of such compression is, in most in- 
stances, too limited to resist functional loading. 
This applies similarly for bending and torque, 
because the range of action of the compression 
is limited to a small diameter viewed from the 
center of the screw. This explains why long 
oblique fractures may be fixed by two to three 
lag screws only, while short oblique or trans- 
verse fracture cannot. 

When a screw thread strips under a single 
overload, it loses its compressive action and is 
unable to recover its function. Therefore, lag 
screws and plate screws should not be 
tightened to a level where they start to 
give way. Under such application the bone 
threads are partially damaged and/or the 
screws are plastically deformed. The more 
the screw is tightened, the greater the risk 
that it will lose resistance, i.e., its holding 
power. 


Fig. 1.2-9: Photoelastic model 
showing the compression exerted 
upon an oblique osteotomy. The 
lag screw produces forces of 
around 2,500 to 3,000 N. 


Do not over-tighten a screw, it 
may become loose. 
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Fig. 1.2-10: Compression by a 
plate. This classical picture shows 
that by applying tension to the 
plate, compression of the plated 
bone segment can be produced. 
Thus, compression acts within the 
bone along its long axis. Such 
compression is effective only in 
transverse fractures and, as shown 
using photoelasticity, is effective 
only in the near cortex underlaying 
the plate. 


Fig. 1.2-11: Compression by a 
prebent plate. Symmetrical 
compression may be achieved by 
prebending the plate. The slightly 
curved plate is applied to the bone 
surface with the middle part 
elevated. When the screws are 
tightened, the far cortex opposite 
to the plate is compressed as well. 


Plates and their different functions 


A fracture fixed with one or more lag screws 
provides rigid fixation without motion (abso- 
lute stability), but in general such fixation 
resists only minimal loading. A splint bridging 
the fracture site can reduce the load placed on 


a fracture site. Therefore, lag screws are usually 
combined with plates acting as splints to protect 
against or neutralize additional forces (Fig. 1.2-10 
and Fig. 1.2-11). When the fracture is closely 
adapted and compressed, the splint does not 
reduce motion but it reduces loading across the 
fracture. 


Different plate functions 


Compression is but one of many functions of a 
plate which can be achieved singly or in com- 
bination with other implants. The plate applied 
on the tension side of a bone acts optimally as 
a tension band. A plate may also be applied 
under tension so that it compresses the bone 
along its long axis (Fig 1.2-12). When used 
alone, this application is effective in certain 
transverse or short oblique fractures. 

When a plate bridges a bone defect, it sup- 
ports the bone fragments and keeps them in 
proper alignment. The plate then has a buttress 
function (see chapter 3.2.2). Under such con- 
ditions the plate initially carries full functional 
load (Fig 1.2-13). 


Fig. 1.2-12: Tension band plate. The plate is applied to 
the convex surface of the long bone, preferably on the 
opposite side to the muscle mass. Thus, the plate is 
loaded in tension and the bone in compression. 
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Compression using other implants 


Nails are not suited to provide compression, 
because their spring constant, i.e., the de- 
formation to force ratio, is very small. Thus, 
minute amounts of adjustment of the fracture 
result in shortening or creeping of the locking 
bolts within metaphyseal bone. This would 
abolish long-term stability. Still, there is a place, 


Fig. 1.2-13: Implant functioning as a buttress. The buttress 
function of the PFN (proximal femoral nail) provides 
support to the bone mainly by maintaining the original 
shape of the bone where the latter is not able to provide 
resistance to axial load. Such load would result in shor- 
tening of the bone. Buttressing is an important technique 
around the metaphyseal ends of the long bones. 


in the early stages, for short-term compression 
to reduce fracture mobility, and consequent 
pain, in locked nailing. Fixators are very well 
suited for compression fixation in meta- 
physeal bone, for example, in osteotomies. 
This does not necessarily apply for the diaphysis 
where asymmetry and flexibility must be 
considered together with compression. Cerclage 
wires lose their compression after application 
when the wires are released (elastic recoil) or 
bent over to the bone surface. 


4.3.4 Bone healing under 
absolute stability 


Bone healing is different for cortical and can- 
cellous bone. The basic elements correspond 
qualitatively, but the volume to surface ratio 
being very different, the speed and reliability of 
healing are generally better in cancellous bone. 


Diaphyseal fractures 


In the diaphysis, stable or rigid fixation is achieved 
by means of interfragmentary compression to 
maintain the fracture fragments in close 
apposition (see chapter 3.2.2). Pain due to motion 
will subside and allow for early functional after- 
treatment within a few days (Fig.1.2-14). 
Radiologically, only minor changes can be 
observed: Under absolutely stable fixation, 
there is minimally visible callus formation or 
none at all. The fact that the fragment ends are 
closely apposed means that there is no actual 
fracture gap to be seen on the x-ray (Fig. 1.2-15). 
This renders the judgement of fracture healing 
difficult. A gradual disappearance of the frac- 
ture gap, with trabeculae growing across it, 
is a good sign, while a widening of the gap 
may be an indirect sign of instability. The 


Fixators are very well suited for 
compression fixation in 
metaphyseal bone. 


In stable fixation disappearance 
of the fracture gap is a good 
sign, while widening of the 
gap may be an indirect sign of 
instability. 


21 


Fig. 1.2-14: Direct healing of a plated diaphysis in a 
German shepherd dog with unrestricted weight bearing. 
When the fracture fragments are held together, for 
instance by interfragmentary compression, no displace- 
ment between the fragment surfaces occurs. Under these 
conditions direct bone healing is achieved by internal 
remodeling of the lamellar bone. 


surgeon judges the progress of healing based on 
the absence of radiological signs of irritation, 
such as bone resorption or the formation of a 
cloudy “irritation” callus, as well as by clinical 
symptoms of pain and swelling. 
The histological sequence of healing under 
conditions of absolute stability: 
e In the first few days after surgery there 

is minimal activity within bone near 

the fracture. The hematoma is then 

resorbed and/or transformed into 

repair tissue. The swelling subsides 

while the surgical wound heals. 


Fig. 1.2-15: Direct bone healing is not the rule after 
medullary nailing, but can occasionally be observed 
under conditions of stability. Transverse tibial fracture in a 
human 7 weeks postoperatively. 


e After a few weeks the Haversian system 
starts to remodel the bone internally as 
shown by Schenk and Willenegger [34] 
(Fig. 1.2-16 and Fig. 1.2-17). At the same 
time “stable” gaps between imperfectly 
fitting fragments start to fill with 
lamellar bone whose orientation is 
transverse to the long axis of the bone. 

+ Inthe subsequent weeks, the cutter 
heads of the osteons reach the fracture 
and cross it wherever there is contact 
or only a minute gap [35], thus pro- 
ducing an interdigitation of newly 
formed osteons bridging the gap. 
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Fig. 1.2-16: Histological appearance of direct cortical 
bone healing. The areas of dead and damaged bone are 
replaced internally by Haversian remodeling. The fracture 
line has been graphically enhanced. 


dead bone 


living bone 


Fig. 1.2-17: Schematic diagram of Haversian remodeling. 
The osteon carries at its tip a group of osteoclasts that drill 
a tunnel into the dead bone. Behind the tip, osteoblasts 
form new bone with living cells and connection to the 
capillaries within the canal. 


Fractures in cancellous bone 


Mechanically, fractures about the metaphysis 
are characterized by a comparatively large 
fracture surface. This offers good fixation in 
terms of bending and torque, and thus these 
fractures tend to be more stable, while healing 
occurs more rapidly. Radiological evaluation is 
somewhat impeded by more complex 3-D 
structure of the cancellous bone. The main 
histological activity seen in fracture healing of 
cancellous bone occurs at the level of the tra- 
beculae. Healing is—due to the larger surface 
per volume—more likely to occur faster than in 
cortical bone. Because vascularization of the 
cancellous bone is better, necrosis is less 
likely to occur. 


4.3.5 Biomechanics and biology 
of stable fracture fixation 


Induction of fracture healing 


Stable fixation reduces and holds the fracture so 
that it behaves like intact bone. It appears likely 
that fracture instability is the most important 
mechanism triggering or inducing callus in the 
non-stable situation. It is, therefore, difficult to 
understand why a stably fixed fracture would 
heal at all. It could be assumed that under 
absolute stability the effect of necrosis of the 
fragment ends induces internal remodeling of 
the bone which eventually crosses the fracture 
line and thus repairs the fracture. If this mecha- 
nism is to be accepted as being of importance, 
the treatment of choice for a fracture with 
extended damage to the blood supply consists 
in absolute stability produced by interfrag- 
mentary compression. 


Necrosis in cancellous bone is 
less likely because of its better 
vascularization. 
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Absolute stability has positive 
effects on vascular ingrowth. 


Precision of reduction 


Today, in diaphyseal fractures, we refrain from 
exact reduction of a complex fracture pattern to 
avoid surgical damage to the blood supply. 
However, in articular fractures, “precise” re- 
duction is still considered essential. 


Recovery of blood supply 


Absolute stability also has positive effects 
on blood supply, in that under stable con- 
ditions the blood vessels may more easily 
cross a fracture site. Despite the deleterious 
effects of some surgical procedures used to 
achieve absolute stability, once obtained, it 
supports the repair of blood vessels (Fig. 1.2-18). 

In plate fixation, the comparably large con- 
tact area (footprint) of conventional plates is 
considered as a disadvantage. Bone tolerates 
mechanical loading quite well and protects the 
blood vessels within its structures from being 
affected by it. The blood vessels entering the 


Fig. 1.2-18: The effect of stability on revascularization. 
The osteotomy of a rabbit tibia has been reduced and 
stably fixed. As early as 2 weeks after the complete 
transection of the bone and medullary cavity the blood 
vessels appear reconstructed and are functioning, as this 
angiography at 14 days shows. 


bone from the periosteal and endosteal sides 
are, however, very sensitive to any external 
contact. When plates are placed onto the bone 
surface, they are likely to disturb this periosteal 
blood supply. In conventional plating, part of 
the stability is obtained by friction between the 
plate and bone, which requires a minimum 
area of contact. Extended and continuous con- 
tact between any implant and bone results in 


Fig. 1.2-19: Bridging plate: the plate spans a critical 
fracture area and is fixed only near its two ends. 
Thus, contact at the fracture site that could impede 
circulation is avoided and there is a possibility for 
including a bone graft under the “bridge”. 
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areas of bone necrosis in the cortex directly 
underneath a plate. This may lead to temporary 
porosis of the bone and, exceptionally, to se- 
questration. Recent studies have shown that 
reduction of the interface between implant and 
bone may improve resistance to local infection 
and enhance fracture healing [36] (Fig. 1.2-19). 


4.4 Special implants 


These observations have led to the development 
of the new LC-DCP (limited contact dynamic 
compression plate), but also to different con- 
cepts like the internal fixator, where the plate 
hardly touches the cortex, while the screws lock 
in the plate holes (see chapters 3.2.1 and 3.4). 


LC-DCP and internal fixators 


For a reduced contact between the “plate body” 
and the bone and in order to reduce vascular 
damage, the plates were first undercut as far as 
safe application of screw compression would 
allow [37]. The next step consisted in mini- 
mizing the plate-bone contact to isolated points 
only [27, 38-44]. With the PC-Fix (point 
contact fixator) the splinting body is not pressed 
towards the bone due to a specially designed 
conical interlocking screw hole. While the LC- 
DCP still acts like a plate, the PC-Fix resembles 
a plate but acts, completely differently, as an 
internal fixator, i.e., a splint. 


Locked screws 


When the plate is used like a splint, it may take 
advantage of screws which are locked within 
the plate (Fig. 1.2-20 and Fig. 1.2-21). An early 
example of such a device is the so-called 


Schuhli, i.e., a washer-nut between the plate 
undersurface and the bone surface. When the 
nut is tightened against the plate, the screw is 
positioned perpendicularly to the plate body 
and firmly held in place [45]. A modification of 
this technique allows the screw to be stabilized 
in a selected inclination [46]. 


Fig. 1.2-20: Conventional plate screws 


Fig. 1.2-21: Locked plate screws. 
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4.5 Recent developments in 
internal fixation 
technology 


The most important recent advance in internal 
fixation of fracture consists mainly in the reali- 
zation of minimally invasive techniques [47] 
(see chapters 3.3.2 and 3.4). In the area of 
medullary nailing the research has shown that 
the damage to endosteal blood supply can be 
reduced by avoiding reaming [48] (Fig. 1.2-22). 

A further advance in nailing is the devel- 
opment of nails of variable flexibility. The nails 
are flexible at insertion and then are stiffened 


Fig. 1.2-22: Effect of reamed (a) and unreamed (b) nails 
on the blood supply of the tibia in a group of dogs. The 
blood supply after the unreamed procedure is markedly 
better. 

The lower part of each picture is a sample cross-section 
of the dog tibia 7 hours after surgery and preterminal 
application of procion red. Active blood vessels are 
shown as small red dots. The upper part of each picture 
is a composite with all cross-sections of the relevant 
group superimposed. The inner white area of the 
superimposed picture is an artifact. 
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Fig. 1.2-23: Tip of a self-drilling and self-tapping screw. 
Such screws can be used especially with unicortical 
fixation. In bicortical fixation the sharp tip of the screw will 
likely cause irritation of the periosteal soft tissues. Self- 
drilling unicortical screws do not produce this problem. 
Furthermore, with self-drilling screws the required length 
cannot be measured. This is, however, not a problem for 
unicortical screws of predetermined length. 


by a special mechanism. These nails are pre- 
sently undergoing clinical testing. In external 
fixation, the development of the “seldrill” screw, 
as a radially preloading Schanz screw, has con- 
tributed to solving the problem of micro-motion- 
induced loosening (Fig. 1.2-23). 

Conventional plating is being increasingly 
replaced by using internal fixators (Fig. 1.2-24). 
These devices, like the PC-Fix, are splints which 
do not require being pressed “plate-like” to 
bone. Thus, the area of contact can be reduced 
to small points isolated from each other. When 
developing these implants it was realized, at 
the same time, that by fixing the screw heads 
within the plate of the PC-Fix, the length of the 
screws could be reduced to unicortical dimensions 
only. This allows safe use of self-drilling self- 
tapping screws because the sharp drill bit tip of 
the screw no longer protrudes from the remote 


cortex. The same principle of bolting rather 
than compressing implants to bone has shown 
its advantages in hand and maxillofacial 
surgery. 


| 


Fig. 1.2-24: Internal fixators consist of a “plate-like” body 
and screws but they function in a different way than the 
conventional plates: The conventional plate is pressed to 
the bone surface with high forces producing friction that 
prevents shear between the plate undersurface and the 
bone. Internal fixators forego the need for interface 
compression. The screws are locked within the fixator 
body and they act more like bolts than screws. The screw 
thread serves only to prevent stripping but does not 
produce interface compression. Thus, the contact surface 
between fixator and bone can be abolished or consist of 
small points only (point contact). 
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5 Outlook 


Today’s state-of-the-art technology of surgical 
fracture treatment offers interesting possibilities 
but it is wide open to improvement both in 
terms of surgical technique and of instruments 
and implants. The goal is well defined as being 
simple and cost-effective technology to achieve 
reliable healing and early return to full function 
of the limb and the patient. The technology 
must be of appropriate quality and its appli- 
cation must be safe and simple, as well as easy 
to learn and understand for surgeons of all 
levels of skills. Basic research and basic devel- 
opment need to cooperate with practically- 
oriented research and development. Once again, 
we face the need for intense communication 
and collaboration. 
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Implants and materials 
in fracture fixation 


Stephan M. Perren, Robert Mathys, Ortrun Pohler 


1 General requirements 


In internal fixation, the implant material 
of choice is still metal, which offers high 
stiffness and strength, good ductility and 
is biologically well tolerated. Today’s metal 
implants are made either of stainless steel 
or titanium. Apart from metals, ceramics, 
polymers, and carbon composites, degradable 
materials are used, although mainly for special 
applications as is the case for biologically 
derived materials. 

Implant materials used for internal fixation 
must conform to certain basic requirements, 
obvious amongst which reliable function and 
minimal side effects are similarly important. 
Less evident is the need for appropriate handling 
qualities. The selection of material properties 
and implant design must respond to several 
often conflicting requirements, which will be 
used as guidelines as the different implants are 
discussed. Our discussion is intended to offer a 
logical basis for proper selection of materials 
rather than to provide detailed technical and 
biological knowledge. 


2 Special requirements 


2.1 Stiffness 


Stiffness characterizes the relation between load 
applied and resulting deformation. Fracture of 
a bone can be understood as discontinuity of 
bone stiffness. Osteosynthesis restores bone 
stiffness temporarily, while fracture healing 
restores it permanently. 

When we consider an implant (nail, plate, 
or external fixator) spanning a fracture, for ex- 
ample in the lower limb, the stiffness of the 
implant must prevent buckling at the fracture 
site. To allow proper healing the device must, 
furthermore, reduce fracture mobility to below 
the critical level at which repair tissue will form. 

The stiffness of the implant results from 
the stiffness of the material, but even more 
importantly from the stiffness that is deter- 
mined by the shape and dimensions of the 
implant itself. As an example, we may consider 
the material stiffness of titanium which is about 
half that of stainless steel (Fig. 1.3-1). Yet an 
increase of the thickness of a standard plate by 
a few of tenths of a millimeter will restore 
bending stiffness of a plate. In the past, several 
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Only metal offers high stiffness 
and strength, good ductility, 
and biocompatibility at the 
same time. 


Today's metal implants are 
made either of stainless steel 
or titanium. 


Osteosynthesis restores bone 
stiffness temporarily, while 
fracture healing restores it 
permanently. 


Stiffness of an implant depends 
not only on the material, but 
even more on the design and 
the dimensions of the device. 
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Less stiff materials reduce but 
do not abolish stress shielding. 


propositions have been made to use implants 
with more “bone-like” material stiffness than 
metals such as plastic or carbon composites 
[1, 2]. Still, implants with very low material 
stiffness do not as a rule offer an acceptable 
balance between biological and mechanical 
advantages. Such less stiff materials reduce 
but do not abolish stress shielding; plastics 
do not corrode but rather leak (additives, for 
example), while their mechanical properties in 
terms of strength, stress relaxation, and ductility 
are less than ideal for most clinical applications. 
Furthermore, research has shown that early 
temporary porosis of bone in contact with im- 
plants does not depend upon the degree of 


Fig. 1.3-1: Under similar bending conditions, the 
titanium plate deforms nearly twice as much as the 
steel plate. This is due to the lower modulus of 
elasticity of titanium (Ti ~110 GPa, steel ~200 GPa). 


unloading (or so-called stress shielding) but 
rather on the amount of direct vascular damage 
caused by the implant [3]. 


2.2 Strength 


The term strength defines the limit of stress that 
a material or structure can withstand without 
rupture. Thus, strength determines the level of 
load up to which the implant remains intact. 
Before a metal ruptures, it may irreversibly 
deform. Here again, the dimensions of the 
implant are often more important than 
strength of the material. The strength of c.p. 
(commercially pure) titanium is about 10% less 
than that of steel (Table 1.3-1), but a minute 
increase of implant thickness will compensate 
for the difference in material strength. Strength 


Table 1.3-1: Mechanical properties of implant materials as 
typically used for plates. 


International Ultimate Tensile Elongation 


Standards Strength (UTS) 
MPa % 

Unalloyed (c.p.) titanium 1S0 5832-2 min. 680 min. 10 
grade 4B (cold-worked) 

Ti-6Al-7Nb 1SO 5832-1 1 min. 900 min. 10 
Implant quality ISO 5832-1 min. 860 min. 12 
stainless steel 

(cold-worked) 
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may characterize the limit of stress (force per unit 
area) which results in an immediate rupture. In 
internal fixation the resistance to repeated 
load, which may result in failure by fatigue, 
is more important than strength. Compared 
to steel, c.p. titanium is somewhat less resistant 
to single loads but superior when high cycle 
repeated loads are acting (Fig. 1.3-2) [4]. 


2.3 Ductility 


The ductility of an implant material charac- 
terizes its tolerance to plastic deformation. The 
ductility of a material determines the 
degree to which a plate, for instance, can 
be contoured. As a general rule materials of 
high strength such as titanium alloys and highly 
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cold-worked pure titanium offer less ductility 
than steel. 

Ductility provides some forewarning of im- 
pending failure, for instance during insertion of 
a screw. According to international standards, 
a 4.5 mm cortex screw (ISO 6475) tolerates 
more than a full turn after reaching its elastic 
limits (Fig. 1.3-3). Titanium, having a lower duc- 
tility, therefore provides less of a prewarning, 
which means that the surgeon should first 
acquire some bench experience leading to a 
different handling technique (Fig. 1.3-4). The 
possible problems due to lower ductility of 
titanium may be overcome by the design of the 
implant: In an ongoing clinical test series with 
more than 2,000 locked PC-Fix screws failure 
was observed neither at insertion nor thereafter 


[5]. 


(Mean values of more than five measurements) 


Resistance to repeated loading 
is more important in internal 
fixation than ultimate strength. 


Ductility of a material deter- 
mines the degree to which a 
plate can be contoured. 


Fig. 1.3-2: Fatigue resistance—the influence of material and design. 
Fatigue tests of DC-plates comparing AO stainless steel and AO c.p. 
titanium under conditions of controlled angle of deformation. 
Under low cycle conditions steel is better. In internal fixation where 
high cycle fatigue conditions are more relevant c.p. titanium is 
superior. The influence of the design was demonstrated, whereby 
the LC-DCP with its continuous stiffness along the plate proved to 
be superior to the DCP. 


Fig. 1.3-3: Torque testing of 4.5 mm bone screws made of 
stainless steel. The maximum torque at failure ranges from 
5-6 Nm. The angle at failure ranges from 500° to nearly 
1,000°. 
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Fig. 1.3-4: Torque testing of 4.5 mm bone screws made of pure 
titanium. The maximum torque at failure is above 4.6 Nm. The 


Fig. 1.3-5: Repassivation behavior of titanium in 0.9 % NaCl 
solution. 


angle at failure ranges from 200° to nearly 350°. The variance of 
the angle at failure is smaller than with stainless steel. 


Corrosion determines how 
much “metal” is released into 
the surrounding tissue. 


2.4 Corrosion resistance 


Corrosion determines how much “metal” 
is released into the surrounding tissue. 
Corrosion is different in implants made of one 
single component and in implant systems with 
several components. Stainless steel (ISO 5832-1), 
if tested as a single element (i.e., only as plate 
or as screw and not in combination of the two) 
is highly corrosion resistant even in the aggres- 
sive environment of the body fluids. This is due 
to a protecting passive layer which forms on the 
surface. However, when a screw head is moving 
in relation to the plate hole, or in relation to a 
nail, the passive layer is repeatedly destroyed and 
there is “fretting” and perhaps local corrosion 
in the area of contact. In contrast to stainless 
steel, c.p. titanium does not show such behavior 
[6]. Its passive layer is formed very quickly, is 
electrically isolating, and the implant shows 
literally no corrosion (Fig. 1.3-5). Nevertheless, 
when two implants made of titanium are moved 


against each other under load, metal debris 
from abrasion may be observed, and it may, 
though rarely, lead to harmless discoloration of 
the tissues. Therefore, for biological internal 
flexible fixation, titanium is the material of 
choice. 


2.5 Surface structure 


The surface of an implant comes into close 
contact with the surrounding tissues. As has 
been shown for titanium, the structure of metal 
surfaces may be made differently. The surface 
structure of an implant in contact with bone is 
of interest in respect to interface force trans- 
mission. In conventional applications, the force 
transmission of a plate or nail relies on friction 
between the implant and the bone. Close ad- 
herence between the screw thread and bone 
may be a disadvantage when considering 
removal of screws. 
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The implant surface in contact with the soft 
tissues has received basic consideration lately 
[7]. A stable interface to the soft tissues is of 
importance in respect to tissue adherence which 
may prevent formation of fluid-filled dead 
spaces surrounding the implant. Such dead 
spaces promote the growth of bacteria, while 
the fibrous capsule around the fluid-filled space 
prevents access of any of the body’s cellular 
defense mechanisms. It is therefore of interest 
to promote or support the adherence of the soft 
tissues to the implant surface by selecting an 
appropriate material and surface structure. On 
the other hand there are situations, for example, 
in hand surgery, where adherence of implant 
surfaces to tendons and capsules is undesirable. 


3 Biocompatibility 


An implant material which corresponds to 
international standards generally manifests an 
adequate level of biocompatibility. There are, 
however, differences as shown in studies of 
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Fig. 1.3-6: 

a) Histological appearance of the contacting tissue in the 
vicinity of a cylinder of AO pure titanium. The micrograph 
corresponds to 3 weeks of implantation. After an initial, 
non-specific reaction, little inflammation and minimal 
encapsulation were seen. 
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Adequate selection of the 
implant material may help to 
improve resistance to infection 
of a specific implant. 


metal applications in humans [8]. Better be- 
havior of an implant in respect to resisting 
infection may be achieved by appropriate 
selection of the implant material [9, 10]. 


3.1 Local toxic reactions 


Tissue cultures and organ cultures with bone 
specimens have been used to assess the toxicity 
of soluble corrosion products [11]. Such tests 
are used for screening prior to implantation in 
the animal. In vivo studies on animals [12] and 
from retrieved tissue samples in humans [8] 
indicate biological reasons for favoring c.p. 
titanium over stainless steel (Fig. 1.3-6). 


b) Histological appearance of the contacting tissue in the 
vicinity of a cylinder of AO stainless steel. The reaction of 
the tissue to a single implant of steel was comparably 
good. If different components of implants (plate and 
screws) are fretting against each other, the reaction is 
more pronounced for steel because of “fretting” corrosion. 
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Allergic reactions to stainless 
steel implants are rare and 
completely unknown for c.p. 
titanium devices. 


3.2 Allergic reactions 


Some studies report that up to 20% of healthy 
young females are sensitive to nickel. Similar 
allergic reactions to skin contact are known for 
cobalt and chromium. Relevant allergic reac- 
tions to nickel-containing stainless steel 
implants after internal fixation are esti- 
mated to be around 1 to 2%. Exact data is, 
however, not available. On the other hand, 
we do not know of any allergic reactions to 
c.p. titanium. So-called “nickel-free steel” is 
under development and seems promising, but 
is not yet ready for clinical use. 


3.3 Induction of tumors? 


Continuous irritation of tissues may, excep- 
tionally, lead to a neoplastic reaction. This is 
known from scar tissue as well as from heavily 
corroding metal, such as particles of ammu- 
nition. The incidence of carcinogenesis from 
internal fixation material, i.e., primary tumors 
induced by an implant, seems to be extremely 
low in humans, given the millions of such 
implants that are not removed after fracture 
healing. Dogs have been reported to produce 
sarcomas near stainless steel implants, although 
infection and physical irritation were con- 
tributing factors [13]. 


4 “New” metallic implant 
~ materials 


4.1 High strength alloys 


We have seen many materials being proposed 
to solve special problems, such as avoiding im- 
plant failure under extreme mechanical load. 
Improved strength may be achieved by using 
alloy components for titanium (e.g., vanadium) 
which are less biocompatible than nickel. The 
good overall corrosion resistance of titanium 
alloys neutralizes part of this potential dis- 
advantage. The choice of an implant material 
depends on the priority given to mechanical 
advantages over biological tolerance. 


4.2 Shape memory alloys 


An attractive proposition seems to be to use metal 
alloys with a so-called shape memory effect [14]. 
Today’s material with “shape memory” have 
not seen general use because of the following 


problems: 
¢ The memory effect must be reliably 
inducible. 
¢ The amount of force developed must be 
controllable. 
¢ The material must be properly 
machineable. 


¢ The cost must be appropriate in view of 
the advantages offered. 

¢ The biocompatibility must be good. 

e Where implant removal is considered 
the shape memory effect should be 
reversible. 
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Today’s shape memory implant materials are 
very hard and thus difficult to machine. Their 
effect is more or less an “all or nothing” me- 
chanism, while costs are higher than usual. 
Furthermore, the presently available memory 
alloy contains about 50% nickel. 


5 Biodegradable implants 


Many implants are recommended for removal 
after fracture healing especially in the weight- 
bearing bones of the lower limb. Biodegradable 
materials are after a certain period of implan- 
tation resorbed or dissolve to form harmless 
by-products, such as H,O and CO,-like poly- 
lactides, which offer fair tissue tolerance. Due 
to limited mechanical properties they are 
of interest for implants which must resist 
only minor loading and where surgical 
removal is a major undertaking. Examples 
of such implants are pins for the fixation of 
chondral or osteochondral small defects of 
articular surfaces, or thin plates and screws 
used for fracture treatment in the maxillofacial 
area, including the orbit [15, 16]. Skull defects, 
especially in children, are another indication 
[17]. 

Presently, resorbable membranes are being 
tested for the treatment of bone defects with or 
without the potential for “drug” release. 

An ideal sterilization process is not yet avail- 
able [18]. Some caution is advised in situations 
susceptible to infection, as degradable material 
seems to exhibit a reduced resistance to infec- 
tion if compared to the best metal implants [19]. 


6 Implant materials for 
filling defects 


The surgeon is frequently confronted with the 
need to treat a bone defect which may stem 
from the initial trauma or is the result of infec- 
tion and/or avascularity. Bone may be replaced 
immediately or after an interval during which 
the host site is prepared. Common materials 
are: 

e Autogenous cancellous, corticocan- 
cellous or cortical bone, either as free 
or vascularized bone grafts. Though 
autogenous bone is superior to any 
other substitute, the supply for grafting 
is limited and the donor site is often 
painful. To take optimal advantage of 
autogenous cancellous bone, the graft 
may be protected using different types 
of bioresorbable membranes [20, 21]. 

As studied by Klaue et al. [22], the 
formation of a biological envelope may 
be induced by the membranes and 
thereafter the autogenous bone graft is 
inserted. 

e The ingenious and successful technique 
of distraction osteogenesis as presented 
by Ilizarov [23] can be understood as 
being an optimally vascularized auto- 
genous bone graft of ideal shape and 
dimension. The technique is quite 
reliable but demanding for the patient 
in respect to patience, limitation of 
mobility, and the risk of pin track 
infections. To cope with some of these 
problems similar techniques have been 
proposed (see chapters 6.2 and 6.3). 


Biodegradable implants have 
only limited indications due to 
their mechanical properties. 
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e The use of allograft bank bone requires 
great caution in respect to infection 
resistance and immunological behavior. 

¢ Deproteinized bone (Kiel bone) behaves 
rather like an inert filler conducting 
only limited bone formation [24]. 


6.1 Replacement of bone by 
synthetic fillers 


These substitutes appear attractive; they must, 
however, provide an appropriate combination 
of reliable mechanical strength, minimal im- 
pedance to bone healing, bone conductivity 
and/or induction. Biodegradation must occur 
without compromising the healing process 
including local resistance to infection. 

Materials such as, for example, sintered 
hydroxyapatite (HA) offer good mechanical 
strength for support functions. They often 
provide limited osteoconduction and are not 
really biodegradable. Porous HA or, for ex- 
ample, B-tricalcium phosphate may be bio- 
logically more active and more degradable on 
the expense of mechanical strength. Fillers or 
substitutes that are injectable as paste still lack 
evidence of outcome in respect to mechanical 
properties, reliability of handling, as well as 
biodegradability. Non-porous materials do not 
allow for recovery of blood supply, while porous 
materials usually have only limited strength. A 
combination of fillers with bone-inducing sub- 
stances such as BMPs and slow drug release 
seems to offer an attractive potential for the 
future. The choice of the proper filler material 
depends largely upon the surgical priority to 
reach a proper individual balance of biological 
or mechanical advantages. 


7 Glues 


In many situations, especially in intra-articular 
fractures, the surgeon is confronted with the 
need to add and fix fragments. The use of even 
very small implants to do so is not only difficult 
but also questionable. A degradable glue would 
solve the problem provided 
¢ it offered proper strength under difficult 
conditions (saline environment), 
e it were reliably and easily applicable, 
¢ it did not impede healing i.e., were 
biodegradable, 
+ it were biocompatible (among others did 
not reduce local resistance to infection). 
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http://www.aopublishing.org/PFxM/13.htm 
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1 Introduction 


The basis of all clinical activity, be it as- 
sessment and treatment, investigation 
and evaluation, or learning and teaching, 
must be sound data, properly assembled, 
clearly expressed, and readily accessible. 
Recognizing this, the AO group in its early days 
sought to document all the fracture cases 
treated by its members. Obviously, quality 
control, by whatever name it was then known, 
was a principal reason for this major effort at 
the outset of the AO’s work. There was a need, 
during this pioneering phase, to assess the 
efficacy and the risks of what were, at that time, 
often viewed as very aggressive methods of 
fracture management. However, it became 
clear, as the volume of information built up, 
that some means must be found of codifying it, 
so that data could readily be added and extracted. 
This meant the development of a workable 
system of fracture classification [1]. 

Of course, the concept of classifying frac- 
tures was not new. On the contrary, almost 
every fracture had attracted at least one classi- 
fication of its own, which was often of consid- 
erable value in actual management. However, 
these groupings were usually free-standing and 
uncoordinated and proved quite unhelpful for 
comparisons between the outcomes of different 


Fracture classification: 
biological significance 


treatment regimes [2, 3]. What was needed was 
a classification protocol which would be not 
only universally applicable but also universally 
acceptable. Maurice Müller and his associates 
set about this monumental task and it is a 
measure of its complexity that it was not until 
1990 that the third edition of the AO Manual 
[4] carried an extended account of the AO 
Classification of Long Bones, based on the 
achievements of Muller’s group as published in 
1987 and 1990 [5, 6]. Work on classification of 
fractures of the axial skeleton as well as of the 
foot and hand followed and still continues.! 


' Notes from the editors-in-chief TP. Riiedi and WM. Murphy: 
The AO Classification has been variously published and titled. 
Elements of it appeared in the first and second AO Manuals. The 
first complete version of the Long Bone Classification appeared in 
French as the AO Classification (1987) and shortly afterwards in 
English (1990) as the Comprehensive Classification, both by 
Müller et al. This modification, deriving from a SICOT Commission 
chaired by Professor Miiller, was subsequently expanded by the 
addition of Pelvic and Spinal Classification, with work on the latter, 
as well as on foot and hand fractures, still developing. Various 
helpful leaflets presenting the classification in summary form and 
in CD format have also appeared. The latest “comprehensive” 
publication in print came in 1996 in the form of a supplement to 
Volume 10 of the Journal of the Orthopaedic Trauma Association. 
The numbering of the smaller bones is more complete in this than 
in the Comprehensive version and so we have adhered to it in this 
Volume. We have exercised our editorial discretion also in 
describing the classification as the AO Müller Classification, in a 
gesture of respect both to the documentation on which it is based 
and the remarkable genius who was its instigator. 
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“A classification is useful only if 
it considers the severity of the 
bone lesion and serves as a 
basis for treatment and for 
evaluation of the results.” 
Maurice E. Müller 


The basis for all clinical activity 
must be sound data. 
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A fracture classification must 
be adaptable. 


_ The system presents a way not 
just to document fractures but 
to understand them in 
biomechanical and biological 
terms. 


The discipline of the alpha- 
numeric notation serves to 
guide the surgeon's 
assessment of the fracture. 


The key which unlocks this 
fracture classification is 
accurate description. 


Within the AO, a decentralized documen- 
tation process has been developed, with the 
additional option of pooling the locally collected 
data from different centers. The AO clinical 
investigation and documentation department 
now provides guidelines and assistance in co- 
ordinating such multi-center clinical investi- 
gations from the planning phase to the final 
evaluation and publication. Underpinning this 
activity is the system on which Muller based his 
comprehensive fracture classification of the 
long bones, and on which other groups related 
to the AO Foundation have built or are building 
classifications of other skeletal areas. The 
system presents a way not just to docu- 
ment fractures but to understand them in 
biomechanical and biological terms. Need- 
less to say, the state of the relevant soft tissues 
must also be diligently observed for incor- 
poration into the decision-making process and 
recorded following the systems set out in 
chapter 1.5. 

Any classification system should offer com- 
petence in the acquisition, storage, and retrieval 
of data; what distinguishes Müller’s system is 
that it provides a framework within which a 
surgeon can recognize, identify, and describe 
the injury to the bone. Thereafter, the other 
attributes of classification as defined by Müller 
at the head of this chapter can follow. The 
discipline of the alpha-numeric notation 
serves to guide the surgeon’s assessment of 
the fracture to whatever depth the situation 
requires and afterwards to record and store his 
observations. However, it is the surgeon’s de- 
scription of the fracture which is central to the 
exercise. It is needed to permit good decision 
making in the light of the structured obser- 
vations required by the classification protocol, 
and also to generate the code. 


It follows, given the evolving and progres- 
sive nature of our understanding of fractures, 
and the consequent development of new treat- 
ment techniques which may influence out- 
comes, that a fracture classification, while 
remaining consistent, must be adaptable. 
This is of importance in the face of dynamic 
developments in treatment which, in particular, 
may influence the prediction and evaluation of 
outcomes [7]. The founding generation of AO 
surgeons has bequeathed, in the AO Compre- 
hensive Classification, a very potent means to 
maintain the quality of our fracture manage- 
ment [8]. The present generation must rise to 
the challenge of maintaining its unique value 
while keeping it sufficiently flexible to accom- 
modate new techniques and instruments and 
widening perceptions. 


2 The principles of the 
fracture classification 


If the surgeon is to make full use of this system, 
the first aim must be to identify what Muller 
has called as the “essence” of the fracture. This 
is the attribute which gives the fracture its par- 
ticular identity and enables it to be assigned to 
one particular type rather than another. After 
this comes the process of putting into words 
what the surgeon understands as prime charac- 
teristics of the fracture, the challenges it brings, 
how it is to be managed, and what outcome 
may be anticipated with proper treatment. 

The key which unlocks this fracture 
classification, therefore, is accurate descrip- 
tion. Each bone or bone region is numbered 
and the long bones are each divided into three 
segments (Fig. 1.4-1 and Fig. 1.4-2). 
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Fig. 1.4-1: Numbering, according to the OTA system 
for the anatomical location of a fracture, in three 
bone segments (proximal 1, diaphyseal 2, distal 3). 


2.1 The plan of the 
classification 


The fractures of each bone segment are then 
divided into three types and with further sub- 
division into three groups and their subgroups 
(Fig. 1.4-2) generating a hierarchical organi- 
zation in triads. 

The definitive subdivision of each group into 
subgroups may often be possible only after 
surgery, when the finer fracture details have 
been established. 

These groups and subgroups are then arran- 
ged in an ascending order of severity according 
to the morphological complexities of the 
fractures, the difficulties inherent in their 
treatment, and their prognosis. 


Type Group Subgroup 
AD === 
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Fig. 1.4-2: To express the morphological characteristics of 
the fracture three types are labeled A, B, and C. Each type 
is then divided into three groups A1, A2, A3, B1, B2, B3, 
C1, C2, C3. 
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Within the “binary” concept, 
the surgeon asks a question to 

_ which the reply must be one 

_ of only two possible answers. 


Within this classification, the identity of any 
fracture emerges from the answers to the fol- 
lowing questions: 


e Which bone? 

e Which bone segment? 
e Which fracture type? 
e Which group? 

e Which subgroup? 


2.2 Bones, segments, types, 
and groups 


The subgroups represent three characteristic 
variations within one group. As each group can 
itself be further subdivided into three sub- 
groups, denoted by number .1, .2, .3, the result 
is 27 subgroups for each bone segment and 81 
subgroups for each bone. 

Müller and his co-workers have recently [9] 
refined the process by which, once the bone 
and the segment have been identified, the 
surgeon “interrogates” (for want of a better 
word) the fracture to establish not just its 
identity, but its essence. 

Within this “binary” concept, the triad- 
based arrangement remains, but at each 
hierarchical level the surgeon asks a 
question to which the reply must be one of 
only two possible answers. 

Thus, in a fracture identified as diaphyseal in 
a long bone, the first “binary” question relates 
to severity “Is it simple or multifragmentary?” 
(Fig. 1.4-3). 

If the fracture is identified as simple, type A, 
the next question relates to mechanism “Was it 
spiral or bending?” (Fig. 1.4-4). 

If the fracture is identified as spiral, it is then 
classified as Al. 


Fig. 1.4-3: 


A B Cc 
simple wedge complex 
fracture fracture fracture 

Fig. 1.4-4: 
Type A: simple fractures 
2 30° 30° 
Al A2 A3 
Spiral oblique transverse 
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Binary questioning has the additional benefit 
that if a choice from two answers cannot be 
identified, the imaging is probably inade- 
quate and more information is needed. The 
process may be continued to whatever depth is 
appropriate for the particular occasion. Obviously, 
in certain situations additional refinements, 
known as “modifiers” and “qualifications”, are 
required to give complete expression to the 
complexities of the fractures encountered. 

However, the goal of this chapter is to ex- 
plain the rationale and process of the classi- 
fication system, not to provide a detailed guide 
to implementing it. Therefore, discussion of the 
classification is confined largely to bones, seg- 
ments, types, and groups as this is what is nor- 
mally needed for everyday clinical application 
and communication. Further division into 
subgroups is explained and discussed as ap- 
propriate elsewhere in the book and in the AO 
Müller Electronic Classification of Long Bones 
[10]. 

In illustrating the classification, the colors 
green, orange, and red denote progressive 
severity. Therefore, Al indicates the fracture 
with the best prognosis and C3 the fracture 
with the worst prognosis. Thus, in identifying 
the information necessary to classify a fracture, 
one has already gone some way to establishing 
its mechanism, severity, and prognosis. 


3 The coding of the 
fracture diagnosis 


The diagnosis of a fracture is obtained by com- 
bining its anatomical location with its mor- 
phological characteristics. The answers to the 
questions described above will produce a five- 
element alpha-numeric code for the fracture: 


20-0. . This is made up of the two “location” 
numbers (bone and segment) followed by the 
letter, indicating the fracture type, and two 
numbers that express the morphological char- 
acteristics of the fracture. To use the system one 
needs to be clear about what these abbre- 
viations mean. 

The numbering of the bones has been de- 
cided simply by convention and is self-evident 
from Fig. 1.4-1.? It should again be noted that 
the pairings of radius and ulna, and tibia and 
fibula are each regarded as one long bone. The 
identification of the segments needs a little 
more consideration [11]. 


3.1 Bone segments 
Fig. 1.4-5 


Each long bone has three segments: 
1 = the proximal segment 
2 = the middle (diaphyseal) segment 
3 = the distal segment 
and for the distal tibia/fibula 
4 = malleolar segment 


The malleolar segment is an exception, 
related to the complexity of its fractures and is 
classified as the fourth segment of the tibia/ 
fibula. 

A long bone is usually divided into one 
diaphyseal, two epiphyseal, and two meta- 
physeal segments. To determine the limits be- 
tween the middle (diaphyseal) segment and the 
end segments, the segments are defined by a 
square whose sides are the same length as the 


2 Regrettably, there are differences in the numbering of some of 
the smaller bones between the Comprehensive and OTA versions 
of the AO Müller Classification. These will need to be resolved. 


If a choice from two answers 
cannot be identified, the 
imaging is probably 
inadequate and more 
information is needed. 
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proximal 


diaphyseal 


distal 


11- 


12- 


13- 


Fig. 1.4-5: 

Anatomical location is designated by two numbers: one for the bone and 
one for its segment (ulna and radius, tibia and fibula are considered as one 
bone). The malleolar segment (44-) is an exception. The proximal and the 
distal segments of long bones are defined by a square whose sides are the 
same length as the widest part of the epiphysis (exceptions 31- and 44-). 


widest part of the epiphysis (exceptions: 31- 
and 44-, see caption of Fig. 1.4-5). 

In this classification no distinction is made 
between the epiphysis and the metaphysis. 
They are considered as one segment because 
the morphology of the fracture in the meta- 
physis influences the treatment and the prog- 
nosis of the articular fracture. 

At this point, the important concept of the 
“center” of the fracture needs to be addressed. 
This is relevant because if a fracture is as- 
sociated with a non-displaced fissure which 
reaches the joint, it could still be classified as a 
middle segment fracture (diaphyseal) depend- 
ing on its center, which must be established 
before a fracture can definitively attached to 
any given segment. 


4 Center of the fracture 


In the context of fracture description, the term 
center means what it says. However, while the 
center of a simple fracture is apparent, and in 
a wedge fracture it lies where the wedge is 
broadest, the center of a complex fracture is 
usually identifiable only after reduction. 

When all the features are listed, the fracture 
can be coded, but while the type and group 
may be readily identified, clarifying the final 
details of subgroups and qualifications may, 
again, only be possible after reduction. 


5 The long bones 


Two numbers designate the anatomical lo- 
cation, one for the bone and one for the bone 
segment. 
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Fig. 1.4-6: 
a) Example of the coding of a fracture 


b) Example of the coding of a fracture 
without subgroup: 32-B2 


with subgroup: 33-C3.3 


3 2 B 2 3 3 C 3 3 
femur middle wedge bending femur distal complete multi- metaphyseal complex 
segment wedge segment articular fragmentary 


i 


severity mechanism 
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5.1 Bones 
Fig. 1.4-7: 
TypeA extra-articular fractures, or 


TypeB partial articular fractures, or 
TypeC complete articular 


As has been noted, ulna and radius, as well as 
tibia and fibula are each considered as one 
bone, making four long bones in all. 

1 = humerus 

2 = radius/ulna 

3 = femur 

4 = tibia/fibula 


5.2 Types 


In the proximal (-1) or distal (-3) segments all 
fractures are either type A, type B, or type C. 


: 
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Exceptions: 

Fig. 1.4-8a: 

proximal humerus (11-): 
TypeA — extra-articular unifocal 
TypeB extra-articular bifocal 
Type C articular 


Fig. 1.4-8c: 

malleolar segment (44-): 
TypeA __ infrasyndesmotic level 
TypeB transsyndesmotic level 
Type C — suprasyndesmotic level 


A fracture at transsyndesmotic 


level will disrupt the syndes- 
mosis. 


MMI 


Fig. 1.4-8b: 
proximal femur (31-): 
TypeA trochanteric area 


TypeB neck 
TypeC head 
A B Cc 
Fig. 1.4-9: 


All fractures of the middle (2) segment are 
either “simple” fractures (type A) or multifrag- 
mentary fractures. Thus, multifragmentary 
fractures are split into “wedge” (type B) 
fractures and “complex” fractures (type C). 


Type A simple fractures 


Type B wedge fractures 
Type C complex fractures 


E 
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Fig. 1.4-10: Example of classification of distal femur (33-) fractures into groups (1-3) 


33-A extra-articular fracture 33-B partial articular fracture 

Al A2 A3 B1 B2 B3 
D ch G 

33-A1 simple 33-B1 lateral condyle, sagittal 

33-A2 metaphyseal wedge 33-B2 medial condyle 

33-A3 metaphyseal complex 33-B3 frontal 


33-C complete articular fracture 


qualifiers or modifiers R : 
Once a fracture, whatever its bone segment, has A! 
been recognized as one of three fracture types D 
(A, B, C}, then each type may be further 
divided in three fracture groups (1, 2, 3), a pro- ' 
cess facilitated by binary questioning. For more 
specialized requirements, these groups are 
further divisible into three subgroups (.1, .2, .3), 
and in areas of particular complexity the 


further sub-categories known as qualifiers may 


5.3 Groups, subgroups, and cl c 


be applied. These must also be known when 33-C1 articular simple, metaphyseal simple 
the fracture has to be fixed and, where relevant, 33-C2 articular simple, metaphyseal 
they are discussed in the appropriate sections of multifragmentary 


the text (Fig. 1.4-10). 33-C3 articular multifragmentary 
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6 Classification of soft- 
tissue injuries 


Many different variables must be included 
when grading an open or closed fracture in- 
cluding the skin injury (IC, IO), the underlying 
muscle and tendon injury (MT), and the neuro- 
vascular injury (NV). 

This soft-tissue classification is fully dis- 
cussed in chapter 1.5. 


7 Classification of spinal 
injuries 


(see chapter 4.11) 


Within this classification the spine injuries are 
hierarchically ranked according to severity and 
anatomical location corresponding to the AO 
Müller Classification of long bones (Fig. 4.11-11). 

Severity progresses from type A to type C 
and similarly within each type, group, and 
further subdivision. Ranking of the spine in- 
juries was primarily determined by the degree 
of instability. Prognostic aspects were taken into 
consideration as far as possible. 

This classification needs to cater for the 
varying anatomical characteristics prevailing at 
different levels of the spine. There are four 
main segments of the spine (to which the num- 
ber 5 had been assigned) with each vertebra 
having its own identity as a subsegment, except 
in the sacrum which is regarded as a single 
entity. Within this arrangement, the three main 
categories, the types, have their typical fun- 
damental injury pattern, which is defined by 
(usually) recognizable radiological criteria. 
Three different mechanisms can be identified as 
common dominators of the types: 


e Compressive force, which causes 
compression and burst injuries, type A; 

¢ Tensile force, which causes injuries 
with transverse disruption, type B; 

e Axial torque, which causes rotational 
injuries, type C. 


The exception to this is the lower cervical 
spine 51.03 to 51.05, where injury caused by 
distraction is more severe than that from 
rotation and is, therefore, assigned to type C, 
with rotation injuries falling into type B. 

The application of the AO Classification to 
the principles of managing spinal fractures is 
discussed in chapter 4.11. 


Fig. 1.4-11: 

The four spine 
levels. The 
vertebral sub- 
segments are 
numbered 
according to their 
levels within the 
segment, for 
example, T6 is 
52.06 and so on. 
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8 Classification of pelvic 
ring and acetabular 
injuries 


8.1 Pelvic ring 


(see chapter 4.4) 


This classification of pelvis injuries is based on and 
is adapted to the universal AO Classification 
nomenclature suggested by M.E. Müller et al. 
and the classification nomenclature suggested 
by M. Tile et al. This classification is also divided 
into bone (6), segments (1,2), types (A, B, C), 
and groups (1, 2, 3). For a scientific classifica- 
tion for specialized surgeons or clinical investi- 
gators each of the three groups can be further 
subdivided into three subgroups (.1, .2, .3) 
and qualifications. 

Anatomically, pelvic ring injuries can be 
described as anterior lesions or posterior lesions 
and as a combination of both types [12]. 

Anterior lesions or lesions of the anterior 
arch may be 

¢ a disruption of the symphysis pubis, or 

e a fracture of one or both pubic rami, 
may be in combination with a dis- 
ruption of the symphysis, or 

e avulsion of the insertion of the rectus 
abdominis muscle, or 

* combined lesions. 


Posterior lesions or lesions of the posterior arch 
may be unilateral or bilateral injuries and may 
involve the 
e lium: An iliac fracture usually extends 
from the greater sciatic notch to the iliac 
crest, but it can also extend into the 
posterior column of the acetabulum. 


e Sacroiliac joint: A sacroiliac lesion may be a 
pure dislocation, but more commonly it in- 
cludes a portion of the ilium or the sacrum. 

¢ Sacrum: Fractures of the sacrum may be 
vertical or transverse below the sacro- 
gluteal line. Vertical fractures are common 
in pelvic ring injuries. Transverse fractures 
are really spinal injuries. 


Displacement of the posterior complex is most 
important in estimating the stability of the 
pelvic ring injuries. All the pelvic ring injuries, 
depending on the degree of posterior bony or 
ligamentous damage, can be classified as stable, 
rotationally unstable but vertically stable, or un- 
stable both rotationally and vertically. Any break 
in the continuity of the sacrogluteal line re- 
presents displacement of the posterior complex. 

The following terms are particularly relevant 
to pelvic injuries: 


bilateral: both sides are involved. 

contralateral: the other side, secondary 
lesion. 

high variety: upper end of the fracture 
reaches the iliac crest. 

ipsilateral: injury of the same side as the 
more severe lesion. 

low variety: upper end of the fracture reaches 
the anterior boarder of the iliac crest. 

partial unstable: (pelvic fractures) rota- 
tionally unstable but vertically and 
posteriorly stable. Posterior displacement 
less than 1 cm. 

stable: able to withstand normal physio- 
logical stresses without displacement. 

unilateral: only one side is involved. 

unstable: (pelvic fractures) complete disrup- 
tion of the posterior complex with a 
three-dimensional translational and 
rotational instability. 
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8.2 Acetabulum 


(see chapter 4.5) 


Our understanding of acetabular fractures and 
their classification derives mainly from the 
pioneering work of Judet and Letournel [13]. 
The particular scheme of classification employed 
by Letournel [14] is extensively used in the 
day-to-day management of these complex 
injuries. 

Anatomically, acetabular injuries may be 
divided, on the one hand, into partial articular 
and complete articular fractures and, on the 
other hand, into fractures of one column or 
both columns (the anterior and posterior), and 
into transversely oriented fractures. 


9 Classification of foot 
fractures 


The AO Foot & Ankle Expert Group is close to 
completing its work on establishing a classi- 
fication for fractures of the foot. 


10 Classification 
terminology 


The main glossary is to be found in the last 
section of the book. The following list of terms 
used in classification may be helpful in under- 
standing this chapter. 


articular: fractures which involve the 
articular surface. They are subdivided 
into partial articular and complete 
articular fractures. 


articular-partial: these fractures involve 
only part of the articular surface, while 
the rest of that surface remains at- 
tached to the diaphysis. 

articular-complete: fractures in which 
the articular surface is disrupted and 
completely separated from the dia- 
physis. The severity of these fractures 
depends on whether their articular and 
metaphyseal components are simple or 
multifragmentary. 

complex: a fracture with one or more 
intermediate fragment(s) in which, 
after reduction, there is no contact 
between the main proximal and the 
distal fragments. The complex fractures 
are spiral, segmental, or irregular. 

extra-articular: these fractures do not 
involve the articular surface, also they 
may be intracapsular. They include 
apophyseal and metaphyseal fractures. 

impacted: a stable and usually simple 
fracture of the metaphysis or epiphysis 
in which the fragments are driven one 
into the other. 

multifragmentary: a term used to cha- 
racterize any fracture with one or more 
completely separated intermediate 
fragment(s) in the diaphyseal segment 
and the metaphysis. It includes the 
wedge and the complex fractures. 

multifragmentary depression: a fracture 
in which part of the joint is depressed 
and the fragments are completely 
separated. 

pure depression: an articular fracture in 
which there is pure depression of the 
articular surface without a spilt. The 
depression may be central or peripheral. 
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pure split: a fracture, resulting from a 
shearing force, in which the direction 
of the spilt is usually longitudinal. 

simple: a term used to characterize a 
single circumferential fracture of a 
diaphysis or metaphysis, or a single 
disruption of an articular surface. 
Simple fractures of the diaphysis or 
metaphysis are spiral, oblique, or 
transverse and have only two frag- 
ments. 

wedge: a fracture with one or more 
intermediate fragment(s) in which, 
after reduction, there is some contact 
between the main fragments. The spiral 
or bending wedge may be intact or 
fragmented. 
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12 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/14.htm 
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Soft-tissue injury: pathophysiology and 
its influence on fracture management 


Evaluation/classification of closed and open injuries 


Norbert P. Siidkamp 


Introduction 


Fractures with a soft-tissue injury must be 
considered as surgical emergencies. They need 
a sophisticated management protocol as well as 
an excellent grading system in order to achieve 
the goal of uncomplicated healing with com- 
plete restitution of function. 

Open fractures and fractures with concomi- 
tant closed soft-tissue damage are very often 
associated with additional injuries, where the 
primary care and priorities of multiply injured 
patients must be considered. As far as the frac- 
ture itself is concerned, the difficulty is to make 
a correct analysis of the extent of the soft-tissue 
injury, as well as to determine what steps and 
procedures should be instituted, and in which 
sequence. The surgeon needs not only to be 
familiar with the pathophysiology of a soft- 
tissue injury, but also with the timing, risks, and 
benefits of the different treatment options, and 
must consider both the local injury and the 
whole patient. 

Immediately after resuscitation, and as soon 
as the vital parameters appear stable, assess- 
ment of the musculoskeletal system is under- 
taken. This must include the history of the 
injury and a complete diagnostic work-up of 
the bony and the soft-tissue lesions. These 


provide the surgeon with the data required to 
classify the limb injury, a prerequisite for the 
subsequent decision-making process. 


1 Pathophysiology and 
biomechanics 


1.1 Open soft-tissue injury 


The condition of the wound after injury is 
determined by the following factors: 

ə Type of insult and area of contact 
(blunt, penetrating, pointed, sharp, 
crush, etc.). 

e Force applied. 

e Direction of force (vertical or 
tangential). 

e Area of body affected. 

e Contamination of the wound (sterile 
surgical wound, degree of dirt, foreign 
bodies, etc.). 

e General physical condition of the 
patient (age, associated illness, immune 
response, etc.). 
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The healing process has three 
phases: exudative, 
proliferative, and reparative. 


Table 1.5-1: Types of wounds 


Type of force 
Sharp, pointed 


Type of injury 


Dash, stab wound 


Blunt Contusion injury, cut 
Extension, twist Laceration 
Shear 


Combination of forces 
Crushing 


Thermal Burns 


A combination of these factors will produce dif- 
ferent types of wounds, as shown in Table 1.5-1. 
The wounds differ not only in their shape, but 
also in the type of treatment required and the 
prognosis for healing [1]. 

Any injury causes bleeding and tissue de- 
struction. This activates humoral and cellular 
mechanisms to stop bleeding and to resist in- 
fection. The sequential healing processes 
starting immediately after trauma can be 
divided into 3 phases: the exudative or in- 
flammatory phase, the proliferative phase, 
and the reparative phase. 


2 Pathophysiological 
responses in healing 


2.1 Inflammatory phase 


In the initial inflammatory phase, there is a 
massively increased interaction between the 
leukocytes and the injured microvascular endo- 
thelium. The traumatically induced exposure of 


Degloving, wound defect, avulsions, abrasion 
Wounds from blows, impaling, bites, and gunshot 
Traumatic amputation, rupture, crush injury 


the subendothelial collagen structures leads to 
the aggregation of thrombocytes. These, in 
addition to vasoconstriction (serotonin), secrete 
adrenaline and thromboxane-A and, above all, 
cytokines such as PDGF and TGF-ß, which have 
a strong chemotactic and mitogenic effect on 
macrophages, neutrophilic granulocytes, lym- 
phocytes, and fibroblasts. Vasoconstriction, 
thrombocyte aggregation, and the cascade-like 
activation of the clotting and complement 
systems act together with fibrin to stop the 
bleeding. As a side effect, the damaged tissue is 
under-perfused, leading to subsequent hypoxia 
and acidosis. The first cells to move from the 
small vessels into the damaged tissue are 
neutrophilic granulocytes and macrophages. 
While the leukocytes are responsible for non- 
specific resistance to infection, the main 
function of the macrophages lies in the removal 
of necrotic tissue and microorganisms (phago- 
cytois and secretion of proteases) and in the 
production and secretion of cytokines (PDGF: 
mitogenic and chemotactic; TNF-a: pro- 
inflammatory and angiogenic; (B-FGF, EGF, 
PDGF, and TGF-B: mitogenic [2, 3]). 
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Besides the cytokine-induced early activation 
of immunocompetent cells, the macrophages 
are responsible for the inhibition and destruc- 
tion of contaminating bacteria and the removal 
of cell debris from the damaged tissue. How- 
ever, the capacity of the macrophages for 
phagocytosis is limited. If their capacity is 
overloaded by an excessive amount of necrotic 
tissue, this will decrease the antimicrobial 
activities of the mononuclear phagocytes. Since 
these phagocytic activities are associated with 
high oxygen consumption, areas of hypoxia 
and avascular areas are especially at risk of 
infection. The pathophysiological rationale 
for performing radical surgical débridement 
in areas of dead tissue [4] lies, therefore, in 
helping or supporting the phagocytic pro- 
cess of the macrophages. 

Individual chemotactic substances, such as 
kallikrein, improve vascular permeability and 
exudation by releasing the nonapeptide brady- 
kinin from ,-globulin fraction. Prostaglandin 
originating from tissue debris stimulates the 
release of histamine from the mast cells and 
causes local hyperemia, which is necessary for 
the metabolic processes of wound healing. In 
addition, highly reactive oxygen and hydroxyl 
radicals are also released during the peroxi- 
dation of membrane lipids [5], which cause a 
further destabilization of the cell membranes. 
These mechanisms result in an impairment of 
endothelial permeability in the capillary system, 
which again promotes hypoxia and acidosis in 
the damaged areas. 

The infiltrating granulocytes and macro- 
phages, with their capacity to resist infection 
and to engulf cell debris and bacteria (physio- 
logical wound débridement), play a key role in 
the inflammatory response of traumatized 
tissue and therefore have a decisive effect on 
the subsequent reparative processes [6]. 


2.2 Proliferative and 
reparative phases 


After successful occlusion of the vessels, the 
proliferative phase begins, followed by a smooth 
transition to the reparative phase. Stimulated 
by the mitogenic growth factors, fibroblasts, 
followed by endothelial cells, migrate into the 
area of the wound and proliferate there. These 
cells have a series of growth factor receptors on 
their surface and, by paracrine and autocrine 
processes, release several cytokines and syn- 
thesize the structural proteins of the extracel- 
lular matrix (collagen). Fibronectin—proteins 
cleft from the surface of the fibroblasts by 
hydrolases—facilitate the bonding of type I 
collagen to o,-chains, an important prerequisite 
for progressive reparative cell proliferation. 
Parallel to this activity, the proliferating endo- 
thelial cells are forming into in-growing capil- 
laries, the typical characteristic of granulation 
tissue. At the end of the reparative phase, water 
content is reduced and the collagen initially 
formed is replaced by cross-linked collagen type 
If [7]. Fibrosis and scarring follow. The role of 
the growth factors in scar formation is as yet 
unclear, but it seems that TGF-B plays a decisive 
role [8-10]. 


3 Diagnosis and 
treatment in closed 
soft-tissue injuries 


3.1 Problems of diagnosis 
and assessment 


In open soft-tissue injuries, contamination and 
infection of the wound have a negative effect 


The pathophysiological 
rationale for radical 
débridement is to support 
phagocytosis. 
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In closed injuries the principal 
diagnostic and therapeutic 
difficulties lie in the 
inaccessibility of the 
subcutaneous soft tissues. 


on pathophysiological processes, whereas in 
closed injuries the principal diagnostic and 
therapeutic difficulties lie in the inacces- 
sibility of the subcutaneous soft tissues. This 
particular situation, in which the problem of 
assessment is combined with progressive sec- 
ondary loss of tissue, is a central issue in the 
clinical management of closed soft-tissue 
injuries [11]. Although almost all modern 
imaging procedures permit qualitative assess- 
ment of posttraumatic closed soft-tissue in- 
juries, clinically useful test procedures for the 
quantitative assessment of damage are not yet 
available. There are, as yet, no clear diagnostic 
criteria, which would allow definitive pre- 
operative differentiation between reversibly 
(living) and irreversibly (dead) damaged tissue, 
as a guide to selecting options for treatment and 
prognosis. 


3.2 Damage mechanisms 


The pathomorphological correlate for pro- 
gressive myonecrosis of initially vital, marginal 
areas, (i.e., those not directly affected by the 
trauma) of skeletal muscle (secondary tissue 
loss) is prolonged breakdown of the micro- 
vascular blood supply. Concurrently with the 
damage arising from ischemia itself, resulting 
from damage to vessels, there occurs a massive, 
trauma-induced, inflammatory reaction in both 
the damaged areas and those immediately 
adjacent. This is characterized by a drastic 
increase in leukocyte-endothelial interaction 
and subsequent loss of endothelial integrity 
(increased microvascular permeability). This 
situation leads to massive transendothelial 
leakage of plasma and consequently to inter- 
stitial edema [12]. 


3.3 Compartment syndrome 


A compartment syndrome is defined as an 
increase within a fascial or osteofascial space of 
interstitial fluid pressure sufficient to com- 
promise microcirculation and neuromuscular 
function [14, 20]. 


Mechanism and local 
pathology 


3.3.1 


In closed fractures with soft-tissue injury, the 
threat posed by compartment syndrome is not 
to be underestimated. It is triggered by an 
increase in intramuscular pressure, either exo- 
genous (restrictive plaster casts) or endogenous 
(ischemia, hematoma), within a closed osteo- 
fascial space at a level above a critical microvas- 
cular perfusion pressure [13, 14]. If impairment 
of microcirculation resulting from increased 
tissue pressure persists, severe and irreversible 
neuromuscular dysfunction due to hypoxia will 
occur, with muscle necrosis and axonotmesis. 
In contrast to previous opinions, it has been 
shown that for compartment syndrome to 
become manifest, it is the relationship (AP, 
muscular perfusion pressure) of the mean 
systemic blood pressure to the intramuscular 
compartment pressure which is critical rather 
than the constant threshold value of 30 mmHg. 
Thus, it has become apparent that for a AP of 
less than 40 mmHg, obvious dysregulation in 
nutritive perfusion, in tissue oxygenation, and 
in the aerobic cell metabolism are already 
occurring [13]. The aim of any therapeutic 
procedure must, therefore, be the immediate 
decompression of the soft tissue by dermato- 
fasciotomy to achieve revascularization of the 
capillary bed. 
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3.3.2 Compartment syndrome— 
clinical manifestations and 
management 


A compartment may be defined as an ana- 
tomical space, bounded on all sides either by 
bone or deep fascial envelope, which contains 
one or more muscle bellies. In addition, the 
surrounding epimysium, the skin, or a constric- 
ting dressing can create such an envelope with 
limiting boundaries. The relative inelasticitiy of 
the envelope’s wall means that if the muscle 
tissue swells, the pressure in the osseofascial 
envelope can increase. 

The diagnosis of a compartment syn- 
drome is usually made by the clinical 
manifestations of unrelenting and bursting 
ischemic muscle type pain that is unrelieved 
by the expected amounts of analgesia. There 
is usually some numbness and tingling in the 
involved nerve distribution, assuming that one 
has an alert, conscious patient whose percep- 
tions or response have not been changed by 
distracting injury or environmental circum- 
stance, such as alcohol. 

Clinical signs show a tense swollen com- 
partment where palpation will reproduce the 
pain and passive stretch of the digits of the 
muscle of the involved compartment will also 
increase the pain. This sign may be helpful, 
although not very specific. A sensory deficit in 
the nerve traversing the compartment may or 
may not be present. Motor weakness is a late 
change. Pulses are always palpable in a com- 
partment syndrome, because in a normotensive 
patient, the muscle pressures rarely exceed the 
systolic level. 

If the magnitude and duration of this inter- 
stitial pressure increase are great enough, 


irreversible tissue necrosis will occur. Patients 
who suffer from an untreated or overlooked 
compartment syndrome may suffer ischemic 
contracture, as described by Volkmann, which 
clinically corresponds to a contracted non- 
functional limb. In order to preserve function in 
severe extremity trauma, the surgeon must 
have thorough knowledge of the symptoms 
and causes of a potential or impending com- 
partment syndrome. 

The rise of pressure may also result from an 
increase in volume within a given compart- 
ment by hemorrhage, perivascular infusions, 
and edema due to abnormal capillary per- 
meability in prolonged ischemia. 

There is agreement that the blood flow to 
the muscles is determined by the relationship of 
the intracompartmental to the intravascular 
blood pressure and not by the absolute pressure 
within a fascial compartment. Hypotension can 
equally result in a compartment syndrome, as 
different authors [13, 21] have shown. Multiply 
injured patients with hypovolemia and 
hypoxia are therefore predisposed to de- 
velop compartment syndromes. Other in- 
juries carrying a high risk of developing com- 
partment syndrome include: vascular injuries 
with peripheral ischemia, high-energy trauma, 
severe soft-tissue crush, and comminuted frac- 
tures of the tibia [22]. 


3.3.3 Diagnosis 


The differential diagnosis is between arterial 
injury and peripheral nerve injury. This can be 
determined by the fact that absent pulses point 
to arterial injury, while peripheral nerve injury 
is the diagnosis of exclusion. 

Compartment syndromes can also be diag- 
nosed by tissue-pressure measurements. The 


Severe pain—especially on 
passive motion—is often the 
first sign for a compartment 
syndrome. 


Multiply injured patients with 
hypovolemia and hypoxia are 
predisposed to compartment 
syndrome. 
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Tissue pressure measurements 
may help to diagnose com- 
partment syndrome especially 
in the unconcious patient. 


Immediate release of 
compartment pressure by 
dermatofasciotomy is 
mandatory. 


tissue pressure is usually elevated before 
signs and symptoms develop, and this attri- 
bute can be used to diagnose an impending 
compartment syndrome, or to clarify in 
situations where clinical examination may 
be unreliable, such as the head injury or the 
drug patient. Tissue measurements can be 
done by a variety of techniques. The infusion 
technique is simple and continuous, but may 
worsen the syndrome, and usually has a higher 
pressure threshold than other methods. The 
wick technique uses some fine material inside 
the catheter to maintain the opening to allow 
continuous monitoring. Finally, the stick tech- 
nique is usually a reliable, simple system to use 
but requires one to buy the appropriate equip- 
ment. 


3.3.4 Management 


The treatment of choice is the dermato- 
fasciotomy, since the skin, as long as it remains 
intact, acts as a limiting membrane, sustaining 
the compartment syndrome. There are several 
techniques, and those most commonly used are 
the double-incision technique of Mubarak [23] 
and the parafibular dermatofasciotomy described 
by Matsen [20]. Both techniques provide a 
release of all four compartments in the lower 
leg. Even if the pressure is increased in only one 
or two compartments, it is mandatory to release 
all. This is true for every possible location of 
compartment syndrome in the upper or lower 
extremity. The fibulectomy fasciotomy as popu- 
larized in the vascular surgical literature is 
contraindicated for trauma patients. 


3.4 Systemic response to 
soft-tissue injury 


Apart from the local microvascular and cellular 

damage associated with traumatic soft-tissue 

injury, severe damage can also lead to a marked 
systemic inflammatory response (MOD, multi- 
organ dysfunction syndrome) with the release of 

proinflammatory cytokines (TNF-a, IL-1, IL-6, 

IL-10) and damage to central organs away from 

the injury site (remote organ injury) [15-17]. 
Thus, the pathophysiological changes in dam- 

aged tissue after soft-tissue trauma are the 

product of a vicious circle (Fig. 1.5-1) made up of: 
1. Impairment of microvascularity with 
hypoxia. 

Acidosis. 

Permeability damage. 

Edema. 

Increase in interstitial pressure due to 

edema in the presence of constriction of 

the swelling tissue by fasciae or skin with 
secondary disturbance to perfusion. 

6. Metabolic dysfunction of the tissue and 
necrosis. 

7. Greater vulnerability to infection of the 
damaged tissue. Acidosis of the poly- 
traumatized patient. 

8. Protraction of all mechanisms in the 
presence of generalized hypoxia and 
acidosis of the polytraumatized patient. 


ees 


3.5 Emergency evaluation 
of soft-tissue injury 


3.5.1 History 

Tscherne [18] and Yaremchuk et al. [19] have em- 
phasized the importance of a complete patient 
history. To determine the appropriate choice and 
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Fig. 1.5-1: Pathophysiology of the soft-tissue injury. 
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The knowledge of the direction 
and the amount of force or 
energy causing the injury is 
essential. 


Concomitant soft-tissue 
injuries are most important 
not only in open but also in 
closed fractures. 


timing of treatment the surgeon needs to know 
when, where, and how the injury occurred. For 
instance, prolonged entrapment in a car suggests 
the possibility of a compartment syndrome, and 
barnyard accidents have a high risk of infection. 
Most important of all is the knowledge of 
the amount and direction of force or energy 
causing the injury. This determines both the 
extent of the injury and the necessary steps in 
treatment. The greater the force, the more 
serious will be the damage and sequelae. 


3.5.2 Vascular status 


For the assessment of an injured limb it is 
mandatory to determine its vascular status. The 
peripheral pulses as well as the temperature 
and the capillary refill must be checked and 
compared with the uninjured side. Although 
the absence of a palpable pulse is an important 
pointer to potential vascular damage, the pre- 
sence of a pulse or a good capillary refill does 
not necessarily guarantee an intact vascular 
supply. We advocate Doppler examination of the 
injured and unharmed extremity for screening. 
In all cases of doubt or where the history of 
trauma, the physical examination, or the radio- 
graphic fracture patterns are suggestive of 
vascular damage, angiography should be per- 
formed. 


3.5.3 Neurological status 


Neurological assessment can be difficult in the 
multiply injured patient because of uncon- 
sciousness, with lack of response to tests for 
motor function and sensation. However, ex- 
amination of the reflexes and the response to 
strong, painful stimuli give some indications of 
major deficits. These examinations have to be 
performed repeatedly, because the confirma- 


tion of a major nerve deficit can be decisive in 
the choice between salvage versus amputation 
in severely injured extremities. 


3.5.4 Soft-tissue conditions 


Although less evident than in open frac- 
tures, concomitant soft-tissue injuries have 
an enormous importance also in closed 
fractures. Their exact evaluation and determina- 
tion can be much more difficult than in open 
fractures and their severity is easily under- 
estimated. Simple abrasions represent an injury 
of the physiological barrier of the skin and can 
allow the development of deep infection. If this 
occurs, it is usually therapeutically much more 
challenging and difficult compared to a simple 
perforation of the skin. 

In open fractures, the wound is covered by 
sterile dressing at the site of the accident and 
this should not be removed before the patient 
is brought to the operating theater. Only there 
and under sterile conditions is the full extent of 
the soft-tissue damage assessed. (Some authors 
allow one removal for a Polaroid photograph to 
facilitate planning.) 

The degree of wound contamination is 
important in that it influences the course and 
outcome of the injury. Foreign bodies and dirt 
particles give useful information about the level 
of contamination and allow this to be correctly 
graded. High-velocity shotgun wounds and 
farming accidents have to be considered as 
severely contaminated. 

After formal surgical skin preparation, with 
washout of dirt and debris, the traumatic 
wound is excised and, if necessary, extended. 
Gentle manipulation and inspection give best 
information about the condition of the bone 
and the extent of soft-tissue damage. The 
surgical débridement becomes a diagnostic 
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exercise as skin edges, subcutaneous fat, 
muscles, and fascial elements are checked for 
viability and bleeding. The definitive assess- 
ment of a soft-tissue injury requires an 
experienced surgeon as it determines the 
treatment protocol as well as the choice of 
the implant for fracture fixation. 

A compartment syndrome is seen mostly in 
the lower leg but can also occur in the thigh, 
forearm, buttock, and foot. Compartment syn- 
dromes may occur at any time during the first 
few days after trauma. 


3.5.5 Assessment of the fracture 


At the time of débridement careful inspection 
of bony fragments, their relationship to the 
soft-tissue envelope and blood supply, as well 
as the information obtained from the x-rays, 
combine to optimize the assessment of the 
damage. The radiographic fracture pattern 
provides indirect information about the 
soft-tissue injury, and shows foreign bodies, 
dirt, soft-tissue density, or entrapped air around 
and/or distal to the fracture site. 


3.5.6 Management algorithm 


Fig. 1.5-2 shows a flow chart of considerations 
and actions required in the management of 
fractures with concomitant soft-tissue damage. 


3.6 Classification of fractures 
with soft-tissue injury 


A classification of the concomitant soft- 
tissue injury, considering all essential factors, 
offers the best support in choosing the appro- 
priate management of fracture treatment and 
guides the surgeon’s attention to the necessary 


issues and measures (for an alternative view 
on classification systems, see chapter 5.2). It also 
effectively decreases complications by 
preventing avoidable treatment errors 
and it may even be of some prognostic 
value. There is also the possibility to monitor 
and compare standardized treatment protocols 
with classification systems, reminding the 
surgeon to consider the value of additional 
measures. 

The most commonly used classifications of 
open fractures are the one by Gustilo and 
Anderson [24, 25] and by Tscherne [26]. 


Gustilo and Anderson 
classification 


3.6.1 


On the basis of a retrospective and prospective 
analysis of 1,025 open fractures Gustilo and 
Anderson [24] developed their classification, 
initially describing three types (I — III). Clinical 
practice led Gustilo to extend and subdivide his 
classification of the type III injury into sub- 
groups A, B, and C [25]. 

Gustilo type I: Fractures of this type have a 
clean wound of less than 1 cm in size with little 
or no contamination. The wound results from 
a perforation from the inside out by one of the 
fracture ends. Type I fractures are simple frac- 
tures, like spiral or short oblique fractures. 

Gustilo type Il injuries have a skin laceration 
larger than 1 cm, but the surrounding tissues 
have minor or no signs of contusion. There is 
no dead musculature present and the fracture 
instability is moderate to severe. 

Gustilo type III open fractures have extensive 
soft-tissue damage, frequently with compro- 
mised vascularity with or without severe 
wound contamination, and marked fracture 
instability due to comminution or segmental 


The assessment of soft-tissue 
injuries requires a lot of 
experience. 


The fracture pattern provides 
indirect information about 
potential soft-tissue injuries. 


Soft-tissue classification 
decreases complications by 
preventing therapeutic errors 
and can have prognostic value. 
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Checklist: 
e clinical findings 
° X-ray 
e total pattern 
of injury 


Secondary treatment 
procedures 


Injury to extremities 
with soft-tissue damage 


Inadequate perfusion? yes 


(Doppler) 


no 


Radical 
débridement 


i Imminent compart- yes 


ment syndrome 


no 


| Fracture? yes l Segmental bone/ yes 


no 


Soft-tissue conditioning 
worthwhile? 


no- 


Extremities redeemable yes Ischemia yes!) DSA 
MESS/NISSSA <4h? 
no _ no Fracture? 
Open Immediate OP 
amputation intraop. angio. ; 
Vessel Stabilization 
reconstruction 
Dermato- 
' fasciotomy 


Primary 
soft-tissue loss shortening 
L no 
Stabilization 
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2nd look Repeat débridement 
débridement necessary? 


Re-débridement yes 
necessary? 


_ ho 


Wound bed not 
capable of granulation? 


no 
postprimary/secondary 
soft-tissue closure 


Conversion yes 
procedure required 


yes. Reconstructive 
soft-tissue coverage 


Conversion Secondary bone 
procedure 


reconstruction required? 


Fig. 1.5-2: Management algorithm 
for the treatment of fractures with 
a concomitant soft-tissue injury 
(modified according to Waydhas 
and Nast-Kolb). 


3rd look, 


etc. 


Secondary 
reconstruction 
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defects. Because of the many different factors 
occurring in this group, Gustilo decided to form 
the subtypes III A, III B, and III C. 

Gustilo type IlI A usually results from high- 
energy trauma, but there is still adequate soft- 
tissue coverage of the fractured bone, despite 
extensive soft-tissue laceration or flaps. 

Gustilo type III B in contrast to the type III A 
has an extensive soft-tissue loss with periosteal 
stripping and bone exposure. These injuries are 
usually associated with massive contamination. 

Gustilo type Ill C includes any open fracture 
associated with arterial injury requiring repair, 
independent of the fracture type. 


3.6.2 Tscherne classification of 
soft-tissue injuries 


In Tscherne’s classification, soft-tissue injuries 
are grouped according to severity into four 
different categories. Along with this the fracture 
is labeled as open or closed by an “O” or a “C”. 
Open fracture grade I (Fr. O I): Fractures of this 
group are represented by skin lacerated by a 
bone fragment from the inside. There is no or 
only little contusion of the skin, and thus frac- 
tures are the result of indirect trauma (type A 
fractures according to the AO classification). 
However, cases with a minor skin wound, or 
even with no visible soft-tissue damage, but 
with a fracture resulting from direct trauma, as 
type B and type C fractures in the AO classifi- 
cation, must be classified as grade II open. 
Open fracture grade Il (Fr. O Il): Grade II open 
fractures are characterized by any type of skin 
laceration with a circumferential skin or soft- 
tissue contusion and moderate contamination. 
This injury can be accompanied by any type of 
fracture. Any severe soft-tissue damage without 


injury to a major vessel or peripheral nerve is 
categorized in this group. 

Open fracture grade III (Fr. O III): To classify a 
fracture as grade III the fracture must have an 
extensive soft-tissue damage, often with an 
additional major vessel injury and/or nerve 
injury. Every open fracture that is accompanied 
by ischemia and severe bone comminution 
belongs in this group. Furthermore, farming 
accidents, high-velocity gunshot wounds, and 
manifest compartment syndromes are graded as 
third degree open because of their extremely 
high risk of infection. 

Open fracture grade IV (Fr. O IV): Grade IV 
open fractures represent the subtotal and total 
amputations. Subtotal amputations are defined 
by the “Replantation Committee of the Inter- 
national Society for Reconstructive Surgery” as 
separation of all important anatomical struc- 
tures, especially the major vessels with total 
ischemia. The remaining soft-tissue bridge may 
not exceed 1/4 of the circumference of the 
limb. Any case of revascularization can only be 
classified as grade three open. 


3.6.3 Tscherne classification of 
closed fractures 


Closed fracture grade 0 (Fr. C 0): No or minor 
soft-tissue injury. The fracture C 0 includes 
simple fracture types with an indirect fracture 
mechanism. A typical example is the spiral 
fracture of the tibia in a skiing injury. 

Closed fracture grade 1I (Fr. C I): Superficial 
abrasion or contusion the fragment pressure 
from the inside, simple or medium severe frac- 
ture types. A typical injury is the unreduced 
pronation-dislocation fracture of the ankle 
joint; the soft-tissue damage occurs through 
fragment pressure at the medial malleolus. 
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Closed fracture grade Il (Fr. C Il): Deep conta- 
minated abrasions and localized skin or muscle 
contusions through an adequate direct trauma. 
The imminent compartment syndrome also 
belongs into this group. Usually the injury 
results from direct trauma with medium to 
severe fracture types. A typical example is the 
segmental fracture of the tibia from a direct 
blow by a car fender. 

Closed fracture grade III (Fr. C Ill): Extensive 
skin contusions, destruction of musculature, 
subcutaneous tissue avulsion. Manifest com- 
partment syndromes and vascular injuries are 
also graded Fr. C III. The fracture types are 
severe and mostly comminuted. The soft-tissue 
treatment of the fracture grade is usually much 
more difficult than a type UI open fracture. 


3.6.4 Hannover fracture scale 


As long ago as 1980 Tscherne published for the 
first time a soft-tissue classification not only for 
open but for closed fractures, as he had realized 
that closed injuries to soft tissue were quite 
frequently underestimated. From this original 
classification [26] evolved the much more 
elaborate Hannover fracture scale. 

More and more problems in the treatment 
of complex open fractures are due to high- 
velocity injury patterns. The above-mentioned 
and most frequently used classifications have 
shown limitations for these types of injuries. 
Horn [27] and Brumback [28] have further- 
more shown in different studies that there is 
only a moderate interobserver reliability in 
classifying open fractures using the Gustilo and 
Anderson classification. 

For these reasons, the Hannover group [29] 
developed the Fracture Scale (HFS) from an 


analysis of approximately 1,000 open fractures 
from 1980 to 1989 (Table 1.5-2). 

This considers every detail of the injury to 
the involved extremity and is made up as a 
checklist. The fracture type according to the AO 
classification, the skin laceration, the under- 
lying soft tissues, the vascularity, the neuro- 
logical status, the level of contamination, a 
compartment syndrome, the time interval be- 
tween injury and treatment, and the overall 
severity of the injury to the patient are added 
up to prove the total score. 

“Bone loss” represents bone fragments that 
have been lost at the site of the accident. The 
longest axis of the missing piece of bone is 
measured and graded either as smaller or 
greater than 2 cm, for example, in a missing 
butterfly fragment the length on the outside 
and not the thickness would be the value 
considered. 

For the evaluation of soft-tissues the score 
provides three different categories: the size of 
the skin wound, the area of skin loss, and the 
damage to deep soft tissues such as muscles and 
tendons. Due to different diameters and thick- 
ness of different levels in the involved extrem- 
ities, the extent of soft-tissue damage is related 
to the circumference of the level of injury. This 
allows a comparison of injuries to the different 
levels of the upper and lower extremity. The 
three different categories of soft-tissue damage 
allow evaluation of both superficial and deep 
injury. 

The category “amputation” serves as a pri- 
mary judgement of the mechanism of the ampu- 
tation in respect of a possible replantation. 

An exact evaluation of the neurological status 
at the time of admission is often difficult, but 
monitoring of reflexes allows a gross estimation 
of possible neurological damage. This can be 
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A Fracture type 


Type A 
Type B 
Type C 


Bone loss 
<2cm 
>2cm 


B Soft tissues 


Skin (wound, contusion) 
no 
< 1/4 circumference 
1/4-1/2 
1/2-3/4 
>3/4 


Skin defect 
no 
< 1/4 circumference 
1/4-1/2 
1/2-3/4 
> 3/4 


Deep soft tissues (muscle, tendon, 
ligaments, joint capsule) 

no 

< 1/4 circumference 

1/4-1/2 

1/2-3/4 

> 3/4 


Amputation 
no 


Subtotal/total guillotine 
Subtotal/total crush 


BRWN-— © Awn- © 


OWN — © 


30 


Fr. O01: 2-3 points 


Fr. O 2: 
Fr. O 3: 
Fr. O 4: 


4-19 points 
20-69 points 
>70 points 


Cc Ischemia/compartment syndrome 


no o 
Incomplete 10 
Complete 
< 4 hours 15 
4-8 hours 20 
> 8 hours 25 
D Nerves 
Palmar-plantar sensations 
yes (0) 
no 8 
Finger-toe motion 
yes 0 
no 8 
E Contamination 
Foreign bodies 
none (0) 
single 1 
multiple 2 
massive 10 
F Bacteriologic smear 
aerobe, 1 germ 2 
aerobe, >1 germ 3 
anaerobe 2 
aerobe-anaerobe 4 
G Onset of treatment 
(only if soft-tissue score > 2) 
6-12 hours 1 
> 12 hours 3 
Fr. C 0: 1-3 points 
Fr. C 1: 4-6 points 
Fr. C 2: 7-12 points 
Fr. C 3: > 12 points 


Table 1.5-2: Hannover fracture scale 
with correlation of the fracture scale 
score to Tscherne’s classification of 
open and closed fractures. 
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important in the process of making a decision 
between salvage and amputation. 

At the time of admission a bacteriologic 
evaluation of smears may not yet be available, 
but the bacterial contamination is still a part of 
the score to remind the treating surgeons to 
take it into account. 

The score supports injury management and 
therapy control. Partial scores, particularly 
“bone score” or the “soft-tissue score”, are 
valuable for treatment decisions and estimation 
of possible complications. 

Table 1.5-2 also shows the relationship of the 
fracture scale scores to Tscherne’s classification 
of closed and open fractures. 


3.6.5 The soft-tissue grading 
system of the AO 


The AO also, because of the limitations of the 
existing classifications systems including mod- 
erate interobserver reliability and the grading of 
many different injuries into the same subgroup, 
was moved to develop a more detailed and 


AO soft-tissue dassification 
Skin lesions IC (closed fractures) 


IC 1 No skin lesion 

IC 2 No skin laceration, but contusion 
IC3 Circumscribed degloving 

IC4 Extensive, closed degloving 

IC5 Necrosis from contusion 


Table 1.5-3: 
Description of skin lesions (IC) in closed fractures. 


precise grading system for fractures with con- 
comitant soft-tissue damage. 

This grading system identifies injuries to the 
different anatomical structures and assigns 
them to different severity groups. The skin 
(integument), the muscles and tendons, and 
the neurovascular system are the targeted 
anatomical structures; the fracture is classified 
according to the AO classification of fractures. 

The grading of the skin lesion is done sepa- 
rately for open or closed fractures, the letters 
“O” and “C” designate these two categories. In 
closed fractures there are five different severity 
groups. IC] represents the injury of the 
integument in a closed fracture, the digit “1” 
indicates the least and the digit “5” the highest 
soft-tissue damage. 

Fig. 1.5-3 shows and Table 1.5-3 describes the 
different severity grades of closed soft-tissue 
injuries while Fig. 1.5-4 and Table 1.5-4 explain 
and illustrate those of open soft-tissue injuries. 

Although there may be considerable damage 
to the muscle envelope, there is rarely an injury 
to tendons except in severe injuries. The in- 
volvement of the neurovascular system always 


Skin lesions IO (open fractures) 


101. Skin breakage from inside out 

102 Skin breakage from outside in < 5 cm, 
contused edges 

103 Skin breakage from outside in>5 cm, 
increased contusion, devitalized edges 

104 Considerable, full-thickness contusion, 
abrasion, extensive open degloving, 
skin loss 


Table 1.5-4: 
Description of skin lesions (10) in open fractures. 
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Fig. 1.5-3: Fig. 1.5-4: 
IC1 Skin lesions IC Skin lesions lO 


(closed fractures) 


IC2 


IC3 


IC4 


IC5 


indicates most severe injuries of the kind repre- 
sented by the Gustilo types IIIB and IC and 
they also usually indicate a high complication 
rate. Both muscle and tendon injuries as well as 
neurovascular injuries and their respective 
extents are—if they occur—highly prognostic 
for the fate of the extremity. Therefore, a 
grading of the extent of the injury of these 
structures is essential. Fig. 1.5-5 illustrates and 
Tables 1.5-5 and 1.5-6 explain the involvement 
of the different severity groups of muscle/ 
tendon injury and neurovascular structures. 


Examples 


A simple, closed spiral midshaft tibial shaft 
fracture with no relevant lesions of skin, 
muscle/tendons, nerves, and vessels is graded: 
42-A1.2/IC1-MTI1-NV1. 


102 


103 


104 


(open fractures) 


Muscle/tendon injury (MT) 


MT 1 
MT 2 
MT 3 
MT 4 


MT 5 


No muscle injury 

Circumscribed muscle injury, one compartment only 
Considerable muscle injury, two compartments 
Muscle defect, tendon laceration, 

extensive muscle contusion 

Compartment syndrome/crush syndrome 

with wide injury zone 


Table 1.5-5: Description of muscle and tendon injuries. 


Neurovascular injury (NV) 


NV 1 
NV 2 
NV 3 
NV 4 
NV5 


No neurovascular injury 

Isolated nerve injury 

Localized vascular injury 

Extensive segmental vascular injury 

Combined neurovascular injury, including subtotal 
or even total amputation 


Table 1.5-6: Description of neurovascular injuries. 
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Fig. 1.5-5: Muscle/tendon injury (MT) and neurovascular injury (NV). 


In contrast, Fig. 1.5-6 shows a severe open 
complex irregular distal tibial shaft fracture with 
extensive skin and bone loss, muscle and ten- 
don damage, but no neurovascular injury. This 
injury will be graded as 42-C3.3/I04-MT5-NV1. 


3.6.6 Usage of classification 
systems' 


Fractures with a concomitant soft-tissue injury 
have become more frequent. In particular, the 
higher grades in the Gustilo and Anderson 


1 For another viewpoint on soft-tissue classification see chapter 5.2. 


Fig. 1.5-6: Example of a 42-C3.3/104-MT5-NV1 


classification of open fractures and in the 
Tscherne classification of closed fractures are 
most challenging from the therapeutic stand- 
point. These injuries have the highest compli- 
cation rates and can cause severe disability to 
the patient. 
We should keep in mind that classification 

systems have several objectives, namely to: 

e assist the surgeon with decision making, 

e identify treatment options, 

* anticipate problems, 

* suggest the course of treatment, 

e predict the outcome, 

e enable an analysis and a comparison of 

similar cases, 
e assist documentation, 
e facilitate communication. 


3.6.7 Conclusion 
Against this background, the Gustilo and 


Anderson classification of open fractures and 
the original Tscherne classification of closed 
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fractures which were published in 1984 and 
1982 respectively are no longer sufficient and 
will not be able to meet the required objectives 
of today. For adequate treatment of a fracture 
with a concomitant soft-tissue injury it is 
mandatory to use a more sophisticated and 
detailed grading system, currently available 
in the Hannover fracture scale or the AO soft- 
tissue grading system. 
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5 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/15.htm 


1.5 Soft-tissue injury...—N.P. Siidkamp 
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Peter Worlock 


1 Introduction 


In fracture management assessment and de- 
cision making must focus on the patient as 
a whole. 

It is tempting to use the fracture in isolation 
as the basis for making decisions about the 
method and timing of treatment. After all, a frac- 
ture is easily identified on an x-ray and it can 
then be described and classified (see chapter 1.4). 
However, it must be remembered that the frac- 
ture occurs in the limb of a patient, so there is 
a need for an overall philosophy of assessment, 
expressed through a relatively standardized and 
accessible system which enables appropriate 
decisions to be taken and which can be modi- 
fied for the individual patient and the individual 
injury or combination of injuries. 

Musculoskeletal injuries frequently occur in 
association with injuries to other parts of the 
body and, therefore, must be considered in the 
context of polytrauma, treating the patient as 
a whole (see chapter 5.3). 

There are a number of systems of initial 
assessment and management of the polytrauma 
patient. One in widespread use is the Advanced 
Trauma Life Support system, developed by the 
American College of Surgeons. 


The patient and the injury 


Decision making in severe soft-tissue trauma 


In musculoskeletal trauma surgery, as in any 
branch of acute medicine, there is a hierarchy 
which determines the priority of surgical pro- 
cedures (Table 2.1-1). 


Table 2.1-1: 


Priorities in surgical management of 
musculoskeletal injury 


1) Save life 

2) Save limb 

3) Save joints 

4) Restore function 


First in priority are those procedures 
necessary to save life, such as packing the 
retroperitoneal space or applying an external 
fixator to an unstable pelvic fracture to stop (or 
at least to control) bleeding and the early stabili- 
zation of femoral shaft fractures to help prevent 
adult respiratory distress Syndrome (ARDS) 
(see chapter 5.3). Next in priority are procedures 
needed to save a limb. Into this category fall 
restoration of the vascular supply, surgical man- 
agement of open fractures, and reconstruction 
of the soft-tissue envelope. Third in line are 
procedures necessary to save a joint, which 
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Assessment and decision 
making must focus on the 
patient as a whole. 


First in priority are those pro- 
cedures necessary to save life. 


Musculoskeletal injuries 
frequently occur in association 
with injuries to other parts of 
the body and must be 
considered in the context of 
polytrauma. 
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The treating hospital must be 
looked at and the facilities 
available weighed against the 
care and skills required to carry 
out optimum treatment. By 
bringing these factors together, 
the treating surgeon is able to 
define the “personality of the 


injury”. 


It is not only necessary to 
assess the fracture itself, but 
also to define the degree of 
soft-tissue injury. 


include surgical exploration and débridement of 
open joint injuries, together with the reduction 
and stabilization of intra-articular fractures, 
allied to tendon and ligament reconstruction, to 
allow early movement. 

Finally, in order of priority, come procedures 
designed to restore optimal limb function. These 
include surgical techniques to limit deformity 
and to facilitate bone and soft-tissue healing. 

In forming a management plan, it is not 
only necessary to assess the fracture itself, 
but also to carry out a careful clinical examina- 
tion of the affected limb to define the degree 
of soft-tissue injury. A number of patient 
factors must be assessed and related to specific 
injury factors. Then, the “environmental factors” 
of the treating hospital must be looked at 


The health-care team 


bO ae 


The patient 


The limb 


The fracture 


location soft tissues 
morphology 

forces displacement 
comminution 


Fig. 2.1-1: The personality of the injury is determined by 
careful assessment of the patient, the injury, and the 
environment (the expertise of the health-care team). 


and the facilities available weighed against 
the care and skills required to carry out 
optimum treatment. By bringing these 
factors together, the treating surgeon is able 
to define the “personality of the injury” 
(Fig. 2.1-1)[1]. 


2 Injury factors 


At the time of injury, external forces make 
contact with the body, and energy is transferred 
from the external object to living tissue. The 
damage inflicted is directly proportional to 
kinetic energy and this in turn is proportional 
to its velocity and mass (Kg = ae mv), Because 
kinetic energy increases with the square of the 
velocity, high-speed impacts produce signifi- 
cantly greater damage in living tissue than due 
low velocity impacts (Table 2.1-2). 


Table 2.1-2: Energy dissipated in injuries 


Injury Energy dissipated 

[ft-Ibs] 
Fall from kerb 100 
Skiing injury 300-500 
High-velocity gunshot wound 2000 
Car bumper collision 100,000 
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2.1 Injury patterns 


Important information can be gleaned from the 
pattern of injuries—for instance, the patient 
with blunt chest injury and bilateral femoral 
shaft fractures has clearly been the recipient of 
significant energy transfer and in this situation 
it is unlikely that the abdomen/pelvis have 
escaped injury. The magnitude of the injury 
also depends on the type of tissue and the 
site of force application. 


Fracture 


Zone of s 
site 


injury 


Fig. 2.1-2: Diagram representing zone of injury—an area 
greater than the fracture site. 


An external force applied to the anterior 
shin would be dissipated through thin skin and 
then through the tibia, creating an open tibial 
fracture (a significant problem with considerable 
morbidity). The same magnitude of force applied 
to the posterior calf would be dissipated through 
the local musculature and perhaps not cause a 
fracture at all. The application of a direct force 
perpendicular to the axis of the limb causes 
greater localized injury than an axial force ap- 
plied remotely. 

It is important to recognize that there is a 
zone of soft-tissue injury which is larger 
than the area of the fracture site (Fig. 2.1-2). 
The situation is similar to that seen in a burn; 
there is a central zone of necrosis surrounded 
by a zone of stasis (Fig. 2.1-3). Within the zone 
of stasis, tissue that is marginally viable at the 
time of initial injury is likely to die in the hours/ 
days following the insult. Even the healthy 


Zone of hyperemia 


Zone of stasis 


Zone of 
necrosis 


Fig. 2.1-3: The zones of injury in a burn are analogous to 
the concept of a soft-tissue zone of injury. 
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The magnitude of the injury 
also depends on the type of 
tissue and the site of force 
application. 


There is a zone of soft-tissue 
injury, which is larger than the 
area of the fracture site. 
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The first objective in the 
primary survey is to obtain and 
maintain a secure airway. 


living tissue surrounding the zone of necrosis 
and the zone of stasis will not remain unaffected, 
as it is here that blood flow will initially increase, 
producing the so-called zone of hyperemia. 

Defining the extent of the zone of injury 
remains a difficult but critical task in both open 
and closed fractures and the evaluation and 
classification of both closed and open injuries 
(see chapter 1.4 and chapter 1.5) are essentially 
concerned with defining the extent of the zone 
of injury. 

The assessment and management of poly- 
trauma patients has been said to comprise the 
“three Rs” of Resuscitation, Reconstruction and 
Rehabilitation. Rather than breaking these 
phases down into distinct and separate groups, 
modern care focuses on producing a treatment 
plan to deal with the patient as a whole, aiming 
for optimum recovery. These phases will there- 
fore overlap. 


2.2 Resuscitation 


Based on the ATLS protocol, initial assessment 
and management of the polytrauma patient is 
divided into four phases: 

e primary survey, 

e resuscitation phase, 

e secondary survey, 

e definitive care. 


In practice, the primary survey and resusci- 
tation phase take place simultaneously. As life- 
threatening injuries are identified, they are man- 
aged. The primary survey consists of “ABCDE” 
(Airway, Breathing, Circulation, Disability, and 
Exposure). The first objective in the primary 
survey is to obtain and maintain a secure 
airway. This may require simple or complex 
airway Management techniques, but the cer- 


vical spine must be immobilized during these 
maneuvers, to prevent possible further damage. 

After establishment of an airway, mainte- 
nance of adequate ventilation of the lungs with 
oxygen is the next priority. It may be necessary 
to deal with conditions such as tension pneumo- 
thorax and massive open pneumothorax at this 
stage. The key objective in management of the 
polytrauma patient is ensuring perfusion of the 
living tissues with adequately oxygenated blood. 
Therefore, the prevention or treatment of shock 
takes place as the “circulation” phase. Two 
large-bore intravenous lines should be esta- 
blished and fluid resuscitation commenced with 
Hartmann’s solution (Ringer’s lactate). The 
patient should receive an infusion of two liters 
as rapidly as possible. If hemodynamic in- 
stability persists after infusion of two liters of 
crystalloid, then blood transfusion should be 
commenced. Patients with persistent hemo- 
dynamic instability will require surgical inter- 
vention to control hemorrhage. An ultrasound 
eximination of the abdomen in the emergency 
room may be helpful at this time. In cases of 
unstable pelvic fracture, the orthopedic surgeon 
must be prepared to play his part in saving life 
by decreasing pelvic volume and producing 
some pelvic stability. 

After the “ABCs” have been performed, with 
life-threatening conditions identified and 
managed, a simple neurological assessment is 
performed in the “disability” (D) phase. At this 
stage, an attempt is made to try and define the 
level of consciousness and whether there is any 
major neurological deficit in any of the four 
limbs. The patient is then exposed (E) so that a 
full examination is performed. When not being 
examined, the patient should be covered with 
a warm blanket to prevent hypothermia. 

The secondary survey takes place after the 
“ABCs” have been completed. It involves a 
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head-to-toe and back-to-front clinical evalua- 
tion of the patient, followed by appropriate 
radiological assessment, to define the full and 
complete pattern of injuries. Any individual 
limb injuries will need more detailed assess- 
ment, to define the precise pattern of each. The 
limbs should be carefully inspected externally 
for wounds, bruising, and swelling. Any de- 
formity should be gently corrected. Dislocated 
joints should be reduced as rapidly as possible; 
they may be hampering the circulation and 
venous return or producing pressure on nerves 
and skin. As a general rule, no harm will 
come in re-aligning the limbs into the nor- 
mal anatomical position. Continuing damage 
occurs when dislocated joints and widely dis- 
placed fractures are not corrected. 


2.3 Fracture management 


In respect of musculoskeletal injury, the follow- 
ing three questions need to be asked on each 
occasion: 

1. What needs to be done? 

2. When does surgery need to be performed? 

3. How much can be safely performed? 


Using the hierarchy already described (see 
section 1), the first priority will be to carry out 
any procedures that are necessary to save life. 
The most common reason for involvement of 
the orthopedic surgeon at this stage is in the 
management of a major pelvic fracture. An 
assessment must be made of both mechanical 
and hemodynamic instability during the pri- 
mary and secondary survey. The pelvis is exam- 
ined to see if there is any obvious movement 
suggesting instability. If a major pelvic fracture 
is seen on the AP x-ray, then inlet and outlet 
views should be taken in the resuscitation room 


(see chapter 4.4, Fig. 4.4-1). These will allow 
prompt and rapid clarification of the injury and 
show whether there is any significant posterior 
or vertical shift. 

The patient will then fall into one of five 
categories and appropriate decisions about 
emergency management can be made (see 
chapter 4.4, Fig. 4.4-4). 

Other life-saving orthopedic interventions 
may include early stabilization of long bone 
fractures. In the 1980's, a number of retro- 
spective studies suggested improved outcome 
after early femoral fracture stabilization in 
multiple trauma (with a reduced incidence of 
ARDS). Prospective studies in this field [2, 3] 
produced contradictory results. Pulmonary 
complications were found to parallel the fre- 
quency of chest injury. 

During this resuscitative phase of life-saving 
surgery, the primary principle must be to “do 
no further harm”. If the patient is hemody- 
namically stable, normothermic, has normal 
clotting and no ventilatory problems, then 
definitive stabilization of long bone fractures 
can be undertaken. However, in patients with 
persisting problems of this nature, surgical pro- 
cedures on the limbs should be limited to ex- 
ploration/excision of major wounds and simple 
stabilization of lower limb diaphyseal fractures. 
Half-pin external fixators with two pins above 
and two pins below the fracture can provide 
good provisional stability for shaft fractures. 
Using such minimal techniques, it is often 
possible to carry out surgery for the lower limbs 
while thoracic, maxillofacial, or neurosurgical 
procedures are simultaneously performed. 

Complex intra-articular and periarticular 
fractures can be managed at this stage with 
bridging external fixators to restore length and 
alignment. If the patient’s condition permits, 


As a general rule, no harm will 
come in re-aligning the limbs 
into the normal anatomical 
position. 
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Unless surgery is life saving, 
the patient is better off on the 
intensive care unit than in the 
operating room. 


Presence of peripheral pulses 
and adequate skin circulation 
does not exclude a compart- 
ment syndrome. 


Fasciotomy reduces stability 
and will convert a fracture from 
closed to open. 


Continuing to view the patient 
as a whole is essential. 


percutaneous screw fixation can be performed 
to maintain reduction of articular surfaces. 

Continual monitoring is required during this 
resuscitative surgery phase. If the patient’s con- 
dition deteriorates (coagulopathy, hypoxia, 
hypothermia, raised intracranial pressure), then 
major surgery should be halted. Unless surgery 
is life saving, the patient is better off on the 
intensive care unit than in the operating 
room. 

High-energy open fractures, particularly of 
the lower limb, are common in polytrauma 
patients. The decision between salvage and 
amputation becomes especially important in the 
critically ill polytrauma patient. The impact of 
limb salvage procedures (in terms of both con- 
tinuing metabolic load and the possible effect 
of multiple, long surgical procedures) must be 
considered. In order to save life, it may be 
necessary to amputate a mangled extremity [4] 
(see chapter 1.5). 


2.4 Reconstruction 


With time, and as the patient’s condition stabi- 
lizes on the intensive care unit, windows of 
opportunity will arise for further reconstructive 
procedures. It is at this secondary stage (from 
day five to day ten—“window of opportunity” 
as outlined in chapter 5.3) that consideration is 
given to reconstruction of intra-articular/peri- 
articular fractures and of upper limb injuries— 
part of the “reconstruction” phase of treatment. 

Whatever the patient’s status, each area of 
injury requires careful clinical and radiological 
assessment as part of the decision-making pro- 
cess. Continuing to view the patient as a 
whole is essential. 

Assessment of the extent of swelling/bruising 
can help to determine the zone of injury. How- 


ever, if assessment takes place soon after injury, 
then the extent of soft-tissue damage may not 
be apparent or appreciated. Assessment must 
be made of the neurovascular status, distal to 
the injury. Skin perfusion and the status of 
peripheral pulses can be assessed in all patients 
(using the Doppler probe if necessary). How- 
ever, it should be remembered that the pre- 
sence of peripheral pulses and adequate 
skin circulation distally will not exclude a 
more proximal compartment syndrome. In 
the conscious patient, it is usually possible to 
perform a relatively thorough assessment of 
motor and sensory function in the limb, once 
analgesia has been administered. All such details 
must be recorded. 

The possibility of compartment syndrome 
must always be considered. This is most common 
in the forearm and lower leg, but can occur at 
other sites. This is discussed in detail in chapter 1.5. 

In circumstances where there is any clinical 
suspicion of compartment syndrome, it is best 
to carry out formal and wide fasciotomy to 
decompress the suspected compartments. If 
fasciotomy is undertaken, some form of surgical 
stabilization of the fracture will become neces- 
sary, as the very act of fasciotomy reduces 
stability and the operation will convert a 
fracture from closed to open. 


2.5 Classification issues 


There are classification systems described for 
soft-tissue injuries—both open and closed (see 
chapter 1.5). With open fractures, where sur- 
gical exploration is undertaken, it is relatively 
easy to define the precise and complete extent 
of the soft-tissue injury by exploring the wound 
thoroughly. Accurately grading the severity of 
the soft-tissue injury in closed fractures is diffi- 
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cult. The value of a classification system [5] 
is to alert the surgeon to the complexity and 
magnitude of possible soft-tissue problems. 

Considerable information can be gained from 
radiological assessment. Plain x-rays should be 
obtained, with a minimum of two films taken 
at 90° to each other. These will allow an initial 
attempt to classify the fracture (see chapter 1.4). 
However, x-rays taken acutely after injury are 
frequently of poor quality because of difficulty 
in positioning the limb correctly for standard 
views. The use of traction films taken in the 
operating theatre under general anesthetic 
is invaluable for more exact delineation of 
the fracture pattern. Although taking such x- 
rays may seem to add to the operation time, the 
information gained is frequently so valuable 
that the procedure overall is shortened. 

The x-rays must also be scrutinized for clues 
about soft-tissue injury, as well as for what they 
tell about bony injury. Obviously, a multifrag- 
mentary fracture implies that significant energy 
has been dissipated through the limb and is a 
pointer to significant soft-tissue damage. It is fre- 
quently possible to see the degree of swelling of 
the soft tissue on the plain x-rays. After open 
injury, foreign bodies and air may be seen in 
tissues, while their presence at some distance 
away from the fracture site will give a further clue 
as to the overall extent of the soft-tissue damage. 

Accurate classification of the fracture itself 
will allow the surgeon to identify potential 
hazards in its management and to develop stra- 
tegies both to avoid problems and to prevent 
complications. Of particular importance is ana- 
lysis of the fracture pattern to assess the inherent 
stability. The final stability after operative 
intervention is a mixture of the inherent 
stability of the fracture and the stability 
imparted by surgery. Particular attention 
must be paid to fracture lines that extend 


into the metaphysis or joint. These may be 
small and not show up clearly on plain x-rays 
taken at right angles to each other. They could 
readily be disturbed by use of an inappropriate 
technique (such as an intramedullary nail). 
Time invested in obtaining good-quality 
x-rays is seldom wasted, especially as accident 
and emergency-unit x-rays are of poor quality. 
They can often be bettered when repeated in 
the operating room, with the patient anesthe- 
tized and traction applied to the limb. 
Consideration should also be given to the 
use of CT scanning in metaphyseal and intra- 
articular fractures. This will allow detailed plan- 
ning of the definitive fixation technique and fre- 
quently allows use of a more limited exposure. 


2.6 Amputation 


The key issue in management of severe open 
fracture of the limbs (particular the tibia) is 
whether or not salvage is possible. Modern 
techniques of surgical reconstruction (bone, 
vessel, nerve, tendon) make it attractive to try 
and salvage every limb. However, the patient 
may be better served by an early amputa- 
tion as definitive treatment, allowing rapid 
functional rehabilitation to commence. Millstein 
et al. [6] reviewed 72 patients with lower limb 
fractures, with associated vascular injury. Re- 
vascularization was performed in 28 patients 
and primary amputation in 44 patients. Overall, 
good function was achieved in only 32% of the 
revascularizations; the rate for primary ampu- 
tees was 70%. 

In the last 10 years, a number of scoring 
systems have been proposed to try and ease 
decision making in this area. One of the most 
widely used is the Mangled Extremity Severity 
Score (MESS), reported by Helfet et al. [7]. The 


The value of classification is to 
alert the surgeon to possible 
soft-tissue problems. 


Time invested in obtaining 
good quality x-rays is seldom 
wasted. 


Traction films under general 
anesthetic are invaluable for a 
more exact diagnosis. 


The patient may be better 
served by an early amputation 
as definitive treatment. 


Stability after operative fixation 
is a mixture of inherent 
fracture stability and surgical 
stability. Pay attention to 
fracture lines that extend into 
the metaphysis or joint. 


85 


86 


There will always be debate on 
the absolute and relative 
indications for amputation in 
severe lower limb trauma. 


system assigns scores to the severity of the 
skeletal and soft-tissue injury, the degree of limb 
ischemia, the presence or absence of systemic 
hypotension, and the age of the patient. A score 
of seven or more was initially reported to be 
predictive of non-viability, and amputation was 
advised. However, Robertson [8] reviewed 152 
patients with severely injured limbs and carried 
out retrospective scoring by MESS. He found 
that all patients with a score of seven or more 
on admission required amputation. However, in 
49 patients with a MESS of less than seven, 
delayed amputation was required. He con- 
cluded that the MESS lacked sensitivity, but 
could be used as a guide (see chapter 1.5). 

Inevitably, it is necessary to fall back on 
clinical judgment and assessment of the “per- 
sonality of the injury”. Patient factors (see 
section 3) to be considered include age, pre- 
sence or absence of pre-existing disease, other 
injuries, the patient’s work and hobbies, desires 
of the patient and family, and consideration of 
pre-existing psychological problems. 

The limb factors to be considered include the 
mechanism of injury, the degree of damage to 
the bone and soft tissues, the presence or ab- 
sence of any injury to the ipsilateral foot, the 
quality of distal sensation, and the ischemic 
time before successful revascularization. 

Environmental factors (see section 4) in- 
clude whether or not there are facilities avail- 
able for optimum reconstruction/rehabilitation, 
what is going to be the socio-economic cost to 
the patient and his family, and what is the cost 
to society and the healthcare system. 

The key decision—whether to reconstruct or 
amputate—does not have to be made on day 
one. A “primary” amputation in this situation 
is one performed within the first 5-7 days. 
Initial exploration and débridement performed 
as an emergency will allow precise definition 


of the injury and a preliminary reconstruction 
(vascular, bone, and joint) can be performed. 
Then, if the outlook is felt to be poor and ampu- 
tation required, this can be discussed with the 
patient and family over the next 24—48 hours. 
During this time, the artificial limb and appli- 
ance center can be involved. This can be very 
helpful in planning a definitive amputation. It 
is also possible to allow patient and family to 
meet others who have undergone successful 
amputation in the past. 

There will always be debate on the ab- 
solute and relative indications for amputa- 
tion in severe lower limb trauma. However, 
by way of example, the current indications as 
used in the Oxford Trauma Unit are shown in 
Table 2.1-3 and Table 2.1-4. 


3 Patient factors 


As well as assessing the injury in some detail, 
it is also necessary to look at the patient as a 
whole in order to build up the personality” of 
the injury. Clearly, there will be differences in 
emphasis between those patients with poly- 
trauma and those patient with isolated injuries. 
The objective in polytrauma management is to 
save life, then to save the limb, then to try to 
save joints in order to restore limb function. 

In contrast, the patient with an isolated limb 
injury or even multiple limb injuries, needs to 
be seen as a surgical emergency only if the 
fracture is open, or if there is an associated 
vascular injury. In such circumstances, manage- 
ment must proceed as rapidly as possible. The 
objective with open fractures is to deal with 
these within 6 hours of injury, as surgical man- 
agement within this time window has been 
shown, both clinically and experimentally, to 
reduce complication rates. 
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Table 2.1-3: 


Suggested indications for amputation in 
the lower limb: absolute 


1) Complete amputation at time of accident. 


2) Irreparable sciatic or posterior tibial 
nerve injury in association with a type 
Ilic open fracture. 


3) Ischemic time > 6-8 hours in a type Ilic 
open fracture. 


4) Associated life-threatening injuries with 
prolonged shock, DIC, or ARDS. 


5) Cadaveric foot at initial examination. 


3.1 Vascular injuries 


After vascular injuries, the earlier the revascu- 
larization, the better the outcome. It is usually 
not wise to delay surgical intervention by at- 
tempting conventional arteriography in the 
radiology department. If there is a fracture at 
single level with an absent pulse distally, then 
it can be assumed that arterial injury will be at 
the site of the fracture, although the effect of 
a joint dislocation at another level, which 
has reduced spontaneously, must be ex- 
cluded. If there is doubt, on-table arterio- 
graphy can be performed rapidly to identify the 
site of problem, while screening by Doppler 
may be even more rapid and convenient, but 
not as reliable. 

Conventional arteriography in the radiology 
department may be of some use where there 
are multiple level injuries within a limb, since 
arterial damage can occur at more than one site. 
It is in such circumstances that formal arterio- 
graphy may be of value. However, if the patient 
is to have arteriography in a radiology depart- 


Table 2.1-4: 


Suggested indications for amputation in 
the lower limb: relative 


1) Type Illic open fracture. 


2) Crush injury to lower limb and ipsilateral 
foot. 


3) Significant tibial bone loss or associated 
severe damage to knee/ankle joints. 


4) Type Ilic open fracture in patient 
> 50 years. 


5) Isolation/complete major nerve injury. 
6) Inadequate facilities. 


ment, every effort must be made to carry out 
the examination as quickly as possible, so as to 
reduce the ischemic time. 

Apart from fractures with an open wound 
or a vascular injury, the other type of injury 
requiring emergency orthopedic surgical man- 
agement is a dislocation or fracture/dislocation 
of a joint. The vast majority of closed limb 
injuries can be treated initially by splintage and 
elevation, while the fracture pattern is defined 
and the patient’s background investigated. 


3.2 Concurrent problems 


It is essential to know of any pre-existing 
medical problems, especially those re- 
quiring long-term medication. Patients with 
ischemic heart disease and chronic lung disease 
represent a significant anesthetic challenge. 
Conditions such as insulin-dependent diabetes 
pose problems both from a local point of view, 


Exclude a joint dislocation at 
another level. 


Any pre-existing medical 
problems, especially those 
requiring long-term medi- 
cation must be known. 
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Promote involvement of 
members of the patient's family. 


It is important that the 
patient's pre-injury level of 
function is clearly known. 


Treatment should be tailored to 
the patient's functional needs. 


in terms of potential infection, and from a 
systemic point of view in terms of controlling 
the patient’s metabolic environment. Potential 
complications from other medication, classically 
exemplified by corticosteroid use, may, after 
fracture surgery, include poor healing, an in- 
creased risk of infection, and delayed union. 
Clearly, previous vascular bypass surgery in an 
injured limb greatly enhances the hazards of the 
situation. Systemically, the patient may not 
cope well with major surgery and will require 
increased steroid cover. 

The patient’s own lifestyle is also a major 
factor. Quite apart from the respiratory and 
cardiovascular effects of tobacco smoking, there 
is known to be a specific association between 
cigarette smoking and delayed or non-union of 
fractures. Patients who consume large quantities 
of alcohol may have abnormal liver function, 
with consequent coagulation problems, and 
alcohol abusers are frequently non-compliant 
and intolerant of the specific rehabilitation 
regimes that may be required. It could prove 
pointless to involve such a patient in a tech- 
nique where compliance is essential. 

Intravenous drug abuse is an increasing 
problem carrying an increased risk of HIV, 
hepatitis B, and hepatitis C infections. In an 
acute situation, universal precautions should be 
applied to reduce the risk for operating room 
personnel. It is also important, with planned 
reconstructive surgery, to be able to advise 
affected patients how they can appropriately 
weigh the risks against the benefits of what may 
be proposed. 

It is important that the patient’s pre- 
injury level of function is clearly known. 
It is clearly pointless to aim at high-quality limb 
function in an already disabled patient who 
cannot make use of it. Treatment should be 
tailored to the patient’s functional needs. 


Conversely, in the professional athlete or sports- 
man, a high level of limb function may be 
required rapidly and this may influence the 
choice of method. 


3.3 Psychological factors 


The psychological aspect of injury must not be 
neglected, with consideration for both the 
patient’s preinjury psychological/psychiatric 
status and the possible reactions to the current 
injury. Complex injuries may require demanding 
and staged reconstructive procedures. It is im- 
portant to consider the pre-injury psychological 
status and to respect it in producing a man- 
agement plan. Some patients with established 
psychiatric conditions may have difficulty com- 
plying with weight-bearing instructions and 
may tolerate external fixators poorly. 

In addition, it must be remembered that 
every patient will have some sort of psycho- 
logical reaction to the physical injury sustained. 
This can be very marked in previously normal 
individuals who, literally within a moment, find 
themselves severely disabled. Time spent in 
explaining the nature of the injury and the 
available options for treatment will inevitably 
be repaid in the long run if it builds confidence 
in the surgeon and the treatment program. It 
is important to try to promote positive 
involvement by members of the patient’s 
family at this stage (see below). 

When the patient cannot give a detailed 
account of his occupation, hobbies, and of his 
functional requirements, consultation and dis- 
cussion with the family is essential to establish 
the patient’s pre-injury status. A management 
plan for an unconscious patient will have to be 
formed, at least at the outset, with close relatives. 
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It is essential that the patient and, where 
appropriate, the patient’s family should have 
a clear understanding of the nature of the in- 
jury and realistic expectations of what can be 
achieved by surgical reconstruction/rehabili- 
tation, so that what the patient expects of the 
outcome matches what the surgeon knows he 
can deliver (barring unforeseen complications). 
This is approached by a “contract” between the 
patient and the surgeon. One of the main 
reasons for litigation is a breakdown in 
communication and understanding be- 
tween the patient and the surgeon. 


4 Environmental factors 


Firstly, there is the issue of physical facilities. 
Access to both adult and pediatric intensive care 
will be required for those with serious injuries 
or major concurrent medical problems, given 
that trauma can strike anyone from the very 
young to the very old. Complex injuries often 
require complex assessment and lack of such 
facilities as MRI and CT may make it impossible 
to reach an accurate diagnosis in some cases. 


4.1 Facilities 

Modern fracture surgery should be performed 
in a modern operating theatre. The use, for 
surgical fixation of fractures, of the ultra clean- 
air and laminar flow facilities which have be- 
come routine for joint replacement surgery, has 
been questioned in some quarters. However, 
biologically, there is no real difference between 
implanting a metal total joint replacement or a 
metal plate through a surgical wound. The 
consequences of infection are disastrous in 
either case. Additionally, a full range of im- 


plants and instruments to carry out appro- 
priate surgery in all areas of the body must 
be available. 

High-quality image intensification is essen- 
tial and the lack of it in the operating theatre 
will make it impossible to perform some types 
of surgery, for instance, intramedullary nailing. 

The skills and training of the personnel 
involved in the surgery are also important. 
Trauma very often happens at unsociable hours. 
Senior and experienced staff (both surgical and 
anesthetic) must be available round the clock 
to provide experienced input into its manage- 
ment. 

From the point of view of operative fracture 
surgery, the operating room personnel are 
clearly critical. It is the responsibility of the 
surgeon, by producing a proper preoperative 
plan/surgical tactic, to ensure that his/her 
team knows what is going to happen and 
what will be needed. 

Achieving such skills—both for surgeons 
and operating-room personnel—is not easy. 
Ideally, all those involved in the provision of 
surgical care for trauma patients, (surgeons, 
anesthetists, and operating-room personnel) 
should spend the greater part of their time 
working in this field and have regular expo- 
sure to structured training. Those who are 
called upon to work only occasionally in trauma 
care can find it a stressful and demoralizing 
experience, and it is certainly not ideal for the 
patient. 


4.2 Rehabilitation 


Finally, with regard to environmental factors, 
it must be remembered that the care of the 
patient does not stop once the surgery is 
completed. In musculoskeletal trauma, per- 


A full range of implants and 
instruments must be available. 


Reasons for litigation are a 
breakdown in communication 
and understanding between 
the patient and the surgeon. 


It is the responsibility of the 
surgeon to ensure that his/her 
team knows what is going to 
happen. 


All those involved in the 
provision of surgical care for 
trauma patients must have 
regular training. 


Care of the patient does not 
stop once the surgery is 
completed. 
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When the patient's needs 
exceed the available resources 
a transfer is mandatory. 


haps more than any other surgical specialty, 
rehabilitation is of critical importance. The best 
osteosynthesis can be rendered useless without 
appropriate postoperative care and rehabilita- 
tion. It remains a matter of concern that in 
many parts of the world such skilled rehabili- 
tation teams are not available and to establish 
them must be a major priority in the years to 
come. 

Successful rehabilitation not only includes 
the traditional physical therapy but also will 
involve the input of occupational therapists, 
speech therapists, dietitians, social workers, 
psychologists, and (sometimes) psychiatrists. In 
addition, there must be close and meaningful 
liaison between the hospital-based rehabili- 
tation team and those who carry on once the 
patient returns home. Regrettably, the provision 
of appropriately skilled rehabilitation personnel 
within primary care facilities is frequently worse 
even than in hospitals. 

It is absolutely essential that those respon- 
sible for provision of musculoskeletal injury 
care take a long, critical and honest look at their 
own working environment. Without sophisti- 
cated facilities and highly trained personnel, it 
may not be safe to carry out complex recon- 
struction surgery and patients should be trans- 
ferred (as rapidly and safely as possible) to an 
institution where these are available. When 
the patient’s needs exceed the resources 
available in the treating institution, such 
a transfer is mandatory. 


5 Summary 


Table 2.1-5: 


Summary of system of assessment/ 
decision making in fracture surgery 


1) History: Initially to define direction/ 
magnitude of force. 


2) Examination: Estimate extent of zone of 
injury by assessment of bruising/ 
abrasions/degloving/wounds. 

Assess (if possible) neurovascular status 
and muscle/tendon function. 


3 


— 


Radiology: Define site/type of fracture 
(Comprehensive Classification of 
Fractures). Will give additional 
information on energy dissipation (zone 
of injury). 

Patient: Further history to define pre- 
existing conditions, occupation/hobbies/ 
psychological status and expectations. 
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5) Needs: Define optimum treatment for 
individual patient (i.e., what resources 
are required?). 


6) Environment: Are all necessary resources 
available for providing optimum 
treatment? If not, transfer patient to 
where resources are available. 


7) Contract: What the patient expects and 
what the surgeon can achieve must be 
the same. This may require negotiation. 


2.1 The patient and the injury...—P. Worlock 
— a ie hi — 


The objective of management of musculo- 
skeletal injury is to achieve a full return of 
patient and limb function. Within such man- 
agement the first priority is to save life. Initial 
assessment and resuscitation of the patient with 
life threatening injuries proceed simultaneously, 
without attempting full and formal assessment 
of all the factors outlined above. 

When the polytrauma patient has been 
physiologically stabilized or if there are isolated/ 
multiple fractures (when life is not at risk), then 
a more comprehensive and formal assessment 
is made in an attempt to define personality of 
the injury. This will allow logical decision making 
using the principles outlined in section 2.2 and 
section 2.3. An outline of the system of assess- 
ment/decision making used in fracture surgery 
is given in Table 2.1-5. 
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http://www.aopublishing.org/PFxM/21-htm 


91 


92 


5.2 


5.3 


6.2 


6.3 


Introduction 93 
Functional considerations 
Incidence 94 
Mechanism 94 


Initial evaluation 95 


Patient status 95 
Radiographic evaluation 95 


Associated injuries 96 


Indications for operative 
fracture fixation 96 


Absolute indications 96 
Relative indications 97 


Early mobilization of patients 


Non-operative treatment 


93 


97 


97 


10 


11 


12 


General principles of 
operative treatment 98 


Timing 98 
Preoperative planning and approaches 99 


Reduction and fixation techniques 99 


Postoperative care 100 
Outcome 100 
Bibliography 102 


Updates 103 


Peter de Boer 


1 Introduction 


The management of diaphyseal fractures is 
evolving and progressing. New reduction and 
fixation concepts are emerging, based on better 
understanding of the biology of fracture repair 
and of the role of the soft tissues in the healing 
process [1]. It is appreciated that anatomical 
reduction of every fracture fragment is not 
necessary for normal limb function. With 
more treatment options available, decision 
making has become more complex. The factors 
relevant to the correct management of an indi- 
vidual diaphyseal fracture must constantly be 
kept up to date. 


2 Functional 
considerations 


The diaphysis of a long bone has many func- 
tions. The two most important are to maintain 
its proximal and distal joints in their correct 
spatial relationship and to provide attachment 
for muscles which move them. In the leg the 
normal mechanical axis of the limb should 
be restored [2]. This requires union without 
shortening, angulation, or rotational deformity. 


Diaphyseal fractures: principles 


Good function can then be expected even if the 
individual fracture fragments are not anatomi- 
cally reduced (Fig. 2.2-1). 

Some residual deformity can be tolerated in 
the lower limb without causing functional prob- 
lems, e.g., shortening of up to 1 cm or minimal 
angular deformities in the plane of adjacent 
joints. Up to 10° of anterior or posterior bowing 
of a healed tibial fracture is compatible with 
good ankle function, despite severe cosmetic 
deformity. However, valgus or varus deformity 
of even 5° may subject the joint to abnormal 
forces and lead to posttraumatic osteoarthritis 
[3]. 

Shortening of the humeral shaft produces 
little functional disability and because the 
shoulder has the largest range of joint move- 
ment in the body, some malrotation or angular 
deformity is tolerated as well. Conversely, the 
diaphyses of the radius and ulna, being part 
of a complex articulation that includes the 
proximal and distal radioulnar joints, re- 
quire anatomical reduction for normal limb 
function. 


Exact anatomical reconstruction 
of the diaphysis is not neces- 
sary for normal limb function. 


Radius and ulna demand 
anatomical reduction similar 
to a joint. 


Joints must be in their original 
axial relationship. 
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3 Incidence 


While in most parts of the world improved car 
design and the use of seat belts have reduced 
the incidence of diaphyseal fractures [4], in the 
developing countries the sharp increase of 
mechanized transport, particularly motorcycles, 
is producing more diaphyseal injuries. Many of 
these injuries are open and present late because 
of delay in transporting victims to hospital. 

Pedestrian trauma figures are, however, 
static and the incidence of open fractures, as a 
percentage of injuries, is rising. An increasingly 
aging population [5] has raised the incidence of 
osteoporotic diaphyseal injuries. 


4 | Mechanism 


Patterns of injury 


Fractures can be caused by direct or indirect 
forces. Indirect trauma usually dissipates less 
energy than a direct blow and causes propor- 
tionately less fragment displacement and soft- 
tissue damage or open fractures [6]. The differing 
injury patterns are recognized in the various AO 
classifications [7] (chapters 1.4, 1.5, 5.1). 

Spiral (type Al) and butterfly (type B1) 
fractures result from indirect rotational forces. 
They have large areas of bone surfaces in con- 
tact, and minimal soft-tissue damage. Fracture 
healing is therefore usually swift and unevent- 
ful, although holding the reduction without 
fixation may be difficult. 

Wedge fractures (type B2) are produced by 
bending forces. The force applied to the limb is 
considerable and the resulting damage to soft 
tissue and periosteum is significant. Union may 


Fig. 2.2-1: 

Diagram of the mechanical 
axis of the lower limb 
showing correct alignment of 
femur and tibia (according to 
Pauwels [3]). 


take a long time and direct surgical approaches 
to the fracture site will further devitalize the 
bone. 

Transverse fractures (type A3) or shattered 
bone (type C) are usually also caused by direct 
forces which are often enormous, especially in 
the femur. If the bone is of normal quality and 
the fracture is widely displaced, the degree of 
soft-tissue damage will be extensive. Even with 
intact skin, direct exposure of the fractures 
results in further insult to the soft tissues al- 
ready compromised by injury. 
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It follows that fracture type and dis- 
placement are good predictors of soft- 
tissue damage. This insight should guide 
the surgeon towards suitable methods of 
reduction and fixation. The greater the 
anticipated soft-tissue damage, the more 
important the choice of implant, reduc- 
tion technique, and gentle overall man- 
agement (chapter 3.3.2). 


5 Initial evaluation 


5.1 Patient status 

The protocol for assessing a patient on first 
contact is described in chapter 2.1. Problems 
relating to children’s fractures are to be found 
in chapter 5.4. 

A well-taken history is of foremost im- 
portance in assessing a diaphyseal fracture, 
particularly to discover the mechanism and 
forces which caused the fracture. The force 
generated in motor vehicle injury is approxi- 
mately one hundred times that generated by a 
simple fall. Although the x-rays may look simi- 
lar, the consequent soft-tissue injury will be 
very different. 

Most displaced fractures are identified by 
observation only. Palpation is also useful to 
elicit tenderness. The most important elements 
of the physical examination concentrate on any 
arterial or neurological damage. Certain frac- 
tures, including displaced fractures of the distal 
femur or proximal tibia, should attract a high 
level of suspicion of arterial injuries. An arte- 
rial injury will dominate the decision- 
making process because of the immediate 
need for reconstruction with appropriate 
stabilization of the fracture. 


Another most urgent condition con- 
cerns the development of a compartment 
syndrome, which is seen mostly in the 
lower leg, but can also occur in the thigh, 
forearm, buttock, and foot [8]. The clinical 
picture and the management are fully described 
in chapter 1.5. Compartment syndromes may 
occur at any time during the first few days after 
trauma. They are commonest in widely dis- 
placed fractures, but can occur in open fractures 
and also following closed intramedullary nailing. 


5.2 Radiographic evaluation 


X-rays are the mainstay of diagnosis. AP and 
lateral views that must include the adjacent 
joints will serve in most cases, while oblique 
projections may be helpful in the metaphysis. 
Standard views of the opposite side are very 
useful for preoperative planning, especially for 
nailing (chapter 2.4). CT and MRI scanning have 
no role in the assessment of acute diaphyseal 
injuries, although they may be useful in planning 
reconstructive surgery in cases of complex mal- 
unions. 


C fracture pattern 


Radiography allows accurate classification of 
diaphyseal fractures. Fractures which are widely 
displaced, multifragmentary, or transverse have 
usually been caused by higher energy than 
those that are minimally displaced, simple, or 
spiral. 

In the lower extremity load-sharing implants 
(intramedullary nails) which splint the bone 
and allow early weight bearing are, therefore, 
preferable to implants such as plates and screws, 
which are more prone to fatigue failure if heal- 
ing is prolonged [6]. 


Fracture type and displace- 
ment are good predictors of 
soft-tissue damage. 


A compartment syndrome is as 
serious as arterial disruption. 


AP and lateral views must 
include adjacent joints. 


History of accident indicates 
the amount of energy involved. 


Arterial injury dominates 
decision making. 
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Bone quality influences the 
choice of fixation technique. 


Shaft fractures in the same 
limb all need fixation. 


Soft-tissue conditions dictate 
fracture management. 


Absolute indications: 
e saving life 
e saving limb 


However, shaft fractures with metaphyseal 
or intra-articular extensions may not be suitable 
for nailing and require direct reduction and 
rigid internal fixation to maintain the anatomical 
relationships of articular fracture components. 

Bone quality is also highly relevant. 
Severe osteoporosis diminishes the holding 
power of screws or pins. External fixation [9] 
and plating of fractures in osteoporotic bone 
may fail. The treatment of pathological fractures 
may also demand special considerations. In a 
patient with a limited life expectancy it may be 
more sensible to aim for mobility and pain 
relief, rather than perfect reduction or the use 
of an adjuvant technique which may retard 
bone healing, i.e., the use of bone cement [9]. 


5.3 Associated injuries 


Soft-tissue injuries always influence and 
may frequently dictate the management 
options of a diaphyseal fracture. A closed, 
simple, displaced transverse fracture of the shaft 
of the tibia can be managed by intramedullary 
nailing, plating, or external fixation. Severe skin 
contusion excludes the standard plating option 
because the surgical approach might further 
compromise the soft tissues. A badly contami- 
nated wound might be a deterrent to primary 
nailing because of the risk of sepsis. In this 
situation preliminary treatment with an exter- 
nal fixator would be the treatment of choice. 
Similarly, both the acute arterial disruption 
and the compartment syndromes need emer- 
gency management. In cases requiring vascular 
repairs or extensive release of the muscle com- 
partments, the associated fracture must be 
stabilized at the same time. Thus the associated 
injury not only dictates the need for stabili- 


zation, but also determines its timing and the 
approach. Plating of the fracture through the 
exposure used for the vascular repair may be 
the treatment of choice, as there may not be 
time for anything else. 

Management of life-threatening injuries 
always takes precedence over that of a dia- 
physeal injury. The overall approach described 
in chapter 2.1 should be followed. 

The presence of more than one fracture 
in the same limb may make it desirable to 
fix all of them, particularly if the combi- 
nation has produced a “floating” joint. 
Additional fractures in other limbs, e.g., bilateral 
humeral shaft fractures, can render a patient 
almost helpless. This situation may dictate oper- 
ative stabilization of a fracture that might well 
be treated non-operatively, if isolated. 


6 Indications for operative 
fracture fixation 


The indications for internal or external fixation 
of diaphyseal fractures vary throughout the 
world depending on the available facilities. 
There are several absolute indications which 
can be grouped around two headings— 
saving life and saving limb. 


6.1 Absolute indications 
Saving life 


Immediate stabilization of femoral shaft frac- 
tures in polytraumatized patients has been 
shown to decrease morbidity and mortality 
considerably (chapter 5.3) [10]. However, there 
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are conflicting reports as to the use of intra- 
medullary nails or plates, while external fixation 
may always be applied as a temporary expe- 
dient [11, 12]. 


Saving limb 


Stabilization of diaphyseal fractures is part of an 
emergency operation to save a limb in the case 
of an acute vascular injury, compartment syn- 
drome, as well as in open fractures (chapters 1.5 
and 5.1). Moving fracture ends compromise not 
only the vascular repair but also the healing of 
any severe soft-tissue injury. 


6.2 Relative indications 


Inability to reduce or hold a fracture by 
conservative means: 

Fractures of the shaft of the femur are very 
difficult to reduce and hold in traction. Non- 
operative treatment is indicated only exception- 
ally, usually if proper operating facilities do not 
exist. 

Fractures of the shaft of the tibia are often 
easy to reduce by manipulation, but the stability 
of the reduction depends on the fracture pattern. 
Well reduced transverse fractures may be stable 
to axial loading, but union is often slow. Non- 
operative treatment of unstable multifragmented 
fractures carries a high risk of shortening and 
malalignement, although fracture healing may 
be relatively fast. 

Humeral shaft fractures are often difficult to 
reduce and hold by non-operative means, but 
since significant degrees of malunion are com- 
patible with good limb function, surgical fixa- 
tion is indicated only in special cases. 

Fractures of the forearm bones are difficult to 
reduce and hold anatomically by non-operative 


means. As even minimal malalignment impedes 
normal limb function, surgery is usually indi- 
cated. 


6.3 Early mobilization of 
patients 


Early mobilization carries enormous benefits for 
patients, especially the aged. Stabilization of 
shaft fractures allows early movement of ad- 
jacent joints and avoids the “fracture disease” 
or algodystrophy seen with prolonged immobili- 
zation (chapter 6.5). Successful fracture fixation 
is also associated with earlier return to work, 
shorter hospital stays, and possibly reduced 
costs for compensation/invalidity. 

There are also economic aspects; for exam- 
ple a femoral shaft fracture treated non-opera- 
tively usually needs many weeks in hospital, 
compared to a few days after intramedullary 
nailing. This makes the cost of non-operative 
treatment of femoral shaft fractures prohibitive 
in many developed countries. In case of a severe 
complication this may, however, change drasti- 
cally [13]. 


7 Non-operative 
treatment 


Non-operative treatment, usually by traction 
and/or cast, may be used for temporary or de- 
finitive management. This usually avoids the 
risk of infection and the equipment needed is 
minimal. Time to union is, however, longer and 
there are higher risks of malunion, malalign- 
ment, and stiffness of the adjacent joints. 

In adults, some fractures are best managed 
non-operatively. Undisplaced or minimally 


Relative indications: 
Inability to reduce or hold a 
fracture by non-operative 
means. 
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displaced fractures of the tibia and humerus can 
very well be treated non-operatively in a cast. 
This requires regular follow-up, since secondary 
displacements before bony union are quite 
frequent. 

Femoral shaft fractures should not be man- 
aged non-operatively if adequate facilities and 
know-how exist for safe surgical care. Non- 
operative management is very time consuming 
and the incidence of shortening and angular 
deformity is high. 

Operative management of displaced dia- 
physeal fractures usually produces better func- 
tional results than conservative treatment in all 
bones apart from the humerus [14]. If appro- 
priate operating facilities and instrumentations 
do not exist locally, conservative treatment is 
still indicated even for femoral shaft fractures. 
It is probably better to end up with a malunion 
than with chronic osteomyelitis. 

The two main non-operative methods avail- 
able are traction and plaster casting. Both re- 
quire skill, experience, and supervision. Trac- 
tion is time consuming and may cause delayed 
union in the tibia. However, it is an excellent 
form of provisional fixation while waiting for 
definitive surgery. 

Casting, if properly applied, is very safe, 
although the frequent need to include adjacent 
joints may cause stiffness. This can be mini- 
mized by the use of hinged braces [15]. Angu- 
lation may be controlled by a well applied cast; 
it may, however, be difficult to control rotation 
and shortening. Casts in adults are therefore 
largely confined to those diaphyseal fractures 
which are initially hardly displaced and there- 
fore quite stable. 


8 General principles of 
operative treatment 


For specific and more detailed information see 
chapter 4. 


8.1 Timing 


The timing of operative treatment of diaphyseal 
injuries can be complex. No operative treatment 
should be contemplated until the patient’s 
general condition has been assessed. Vascular 
injuries and open fractures are special cases 
requiring emergency management. 

In general terms, if direct open reduction 
and internal fixation are indicated, the sooner 
it happens the better. Swelling will develop, and 
operating through swollen tissues leads to 
difficulty in wound closure and the risk of sub- 
sequent breakdown. For direct open reduction, 
surgical intervention within 6 hours is recom- 
mended [16]. If, as sometimes happens, sig- 
nificant swelling occurs sooner than this, it is 
usually safer to establish provisional stabili- 
zation and wait 7-10 days for the swelling to 
subside. 

Shaft fractures of the tibia and the femur are 
mostly treated by indirect reduction and intra- 
medullary nailing. In this situation, swelling 
around the fracture site is less of a problem 
because the soft tissues are not invaded. Timing 
is therefore less critical. Every procedure de- 
mands a complex surgical set-up and may need 
to await an experienced surgical team and 
backup. If, for any reason, it is not carried out 
in the first 48 hours, it is probably best delayed 
for 7-I0 days, because of the increased inci- 
dence of adult respiratory distress syndrome 
(ARDS) occurring in patients operated on 
between 3 and 7 days from the accident. 
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8.2 Preoperative planning 
and approaches 


All operative fixations of diaphyseal fractures 
should be planned carefully. The details of avail- 
able techniques are covered in chapter 2.4. 
Effective planning should ensure that the 
surgeon does not embark on a surgical 
procedure unless the required personnel 
and equipment are available. 

In open fractures it is vital to look be- 
yond the first operation to plan how defin- 
itive soft-tissue cover will ultimately be 
obtained. Otherwise an external fixator, 
used for provisional stabilization, may 
obstruct the placement of a soft-tissue 
flap. 

The surgical approach to a fracture clearly 
depends on the site, soft-tissue conditions, and 
choice of fixation device. Knowledge of the 
anatomy is essential, while dissection must be 
gentle. When the planned approach is unfa- 
miliar, reference to a standard work on surgical 
approaches is mandatory [17, 18] and dissection 
of cadaveric material is desirable. 

Adoption of minimally invasive techniques 
calls for percutaneous access, usually carried 
out with x-ray control. These techniques may 
possibly minimize soft-tissue trauma, but are 
technically quite demanding. The need to master 
the relevant anatomy is even greater, as the 
surgeon cannot see the tissues and structures 
beneath which the operation is being carried 
out. 


8.3 Reduction and fixation 
techniques 


Diaphyseal fractures can be reduced directly 
or indirectly; the principles are described in 
chapter 3.1. Independent of the technique, any 
reduction maneuver should be as gentle as 
possible to the soft parts and periosteum sur- 
rounding the fracture, the aim being to preserve 
all existing blood supply. 

In the treatment of diaphyseal fractures the 
fixation techniques used most commonly are 
intramedullary nailing, plating, and external 
fixation. 

Intramedullary nails are internal splints 
which are load sharing and allow early weight 
bearing. Because they permit a degree of move- 
ment at the fracture site, their use is associated 
with callus formation and early bone union [7]. 
Locked intramedullary nails allow multifrag- 
mentary fractures to be held out to length. 

Plates and screws may be a good option for 
shaft fractures extending to the metaphyseal 
area or into a joint. They can be inserted either 
with direct or indirect reduction techniques. In 
simple fractures that can easily be reduced ana- 
tomically, the classical interfragmentary lag 
screw, combined with a neutralization plate, is 
still an excellent way of fixation. Plating of 
complex, multifragmentary diaphyseal fractures 
should be done by minimally invasive tech- 
niques, with indirect reduction and the plate 
acting as bridge, leaving the fracture focus un- 
touched (chapters 3.2.2, 3.3.1, 3.3.2, and 3.4). 

External fixators are still the gold standard 
in case of severe soft-tissue problems and in 
those parts of the world where nails and plates 
are more difficult and risky to use for logistical 
and technical reasons, e.g., image intensi- 


Preoperative planning must 
include thinking ahead. 


Timing of surgery depends on 
the patient, soft-tissue con- 
ditions, logistics, and facilities. 
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Good preoperative planning is 
the key. 


Mobilization depends on the 
surgeon's assessment of the 
stability. 


fication. However, fracture healing may be 
delayed and pin track problems (infection, 
loosening) are common. External fixators are 
therefore not a popular choice for definitive 
fixation and a change of method is often con- 
sidered once the early problems have been 
mastered (chapter 3.3.3). 


9 Postoperative care 


Immediate postoperative management 


General principles relating to observations, 
drains, dressings, etc. are addressed in chapter 5.7, 
but the following points, specific to diaphyseal 
fractures, should be noted. 

The mobilization of a given patient is often 
influenced by the presence of other injuries and 
how patients are mobilized depends not only on 
their fractures but their overall state. 

The most important single factor in de- 
ciding about mobilization and functional 
loading is the surgeon’s assessment of the 
stability of the fixation. The fracture ana- 
tomy and the fixation technique must be 
considered together. When there is doubt, 
activity may need to be delayed and carefully 
monitored. 

Physiotherapy aimed at muscle rehabili- 
tation should commence as soon as possible 
after surgery and continue until normal func- 
tion of the limb is obtained. Early active move- 
ments of the muscles and joints are best, but can 
be painful. Continuous passive motion [19], if 
used, should always be combined with active 
muscle exercises. 

The most stable combination for weight 
bearing is a perfectly reduced transverse frac- 
ture of the middle of a lower limb bone fixed 


anatomically with a tight-fitting dynamically 
locked intramedullary nail. 

The most unstable combination would be a 
multifragmented fracture, extending almost 
from metaphysis to metaphysis, treated by an 
external fixator. 

Whenever possible, a fracture/implant com- 
bination should allow some load transmission 
through the fracture site on mobilization. Load 
transmission is a good stimulus for bone growth, 
and prolonged non-weight bearing is associated 
with profound disuse osteopenia, atrophy of 
articular cartilage, and muscle wasting. Good 
preoperative planning is the key to avoid- 
ing fixations that are not strong enough to 
allow partial weight bearing. 


10 | Outcome 


Patient outcomes vary with the severity of the 
injury; so do the complications, which are 
covered in part 6 of the book. Low-velocity 
injuries without associated soft-tissue damage 
should regain full function as a matter of course 
with appropriate treatment. High-velocity inju- 
ries with soft-tissue loss will not regain normal 
function, but careful assessment, preoperative 
planning, meticulous operative technique, 
stressing preservation of soft tissues, combined 
with diligent postoperative rehabilitation will 
ensure the optimum result for any patient. 
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c) Ten days after the accident, when the soft tissues had recovered, 
a bridge plate was planned and applied to the lateral side of the 
tibia through stab incisions planned at the upper and lower ends of 
the chosen plate. Because the plate alone would not have provided 
enough stability to prevent varus deformation, the bridging external 
fixator was kept in situ to allow mobilization of the patient. The 
external fixator was removed at 8 weeks when callus formation 
was seen at the fracture site. 


Fig. 2.2-2: High-velocity injury (MVA) to 
the proximal tibia in a 30-year-old man. 
a) The closed injury is a multifragmen- 
tary fracture of the shaft of the tibia 
with proximal metaphyseal and intra- 
articular extension. The complex 
fracture pattern suggests extensive 
soft-tissue damage despite the fact 
that the fracture is closed. 

b) The intra-articular fracture compo- 
nent was treated by closed reduction 
and percutaneous cannulated screws, 
while the shaft fragments were 
bridged with a unilateral external 
fixator. Both procedures avoided any 
further soft-tissue damage to the zone 
of injury. The knee was then mobilized 
on a continuous passive motion 
(CPM) machine. 


d) The fracture went on to 
uneventful union at 16 weeks. 
Note: the correct axis, length, and 
rotation have been preserved. 
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1 Introduction 


Diarthrodial joints provide a smooth, stable 
capacity for motion of the appendicular skeleton 
to perform specialized tasks. Joints vary widely 
in their structure, but share common features 
essential to their function. A synovial joint 
consists of two end segments of bone bound 
together by a fibrous capsule. In certain areas, 
this capsule is specialized into discrete liga- 
ments. The articulating end segment of bone is 
covered with resilient, elastic, and avascular 
hyaline cartilage, which helps to distribute force 
to the underlying subchondral bone [1].While 
the articulating surface of each bone is smooth, 
opposing joint surfaces may be incongruous, 
thus limiting contact between them to a small 
area for much of the range of joint motion. 
Joint stability relies upon the passive stabilizers, 
namely bone and joint morphology, and the 
surrounding ligaments. Active stabilization is 
provided by the muscles which cross the joint. 
The capsule is lined with a membrane that 
produces a dialysate of blood, rich in hyaluronic 
acid, which provides lubrication and nutrition 
for the articular cartilage surfaces. Maintenance 
of a healthy articular segment is dependent on 
joint motion and repetitive loading. Disruption 
of any component of the joint can result in 


Articular fractures: principles 


altered joint function through the pathological 
processes of arthrofibrosis or osteoarthrosis. For 
example, displaced intra-articular fractures are 
associated with gaps or steps at the joint surface. 
This alteration in joint morphology can imme- 
diately affect stability, cause pain, and disrupt 
effective motion of the joint. The inflammatory 
response associated with such an injury can 
lead to extensive fibrosis within an injured 
joint, exacerbated by unskilled immobilization 
or inappropriate surgical procedures. For these 
reasons, closed reduction and external immo- 
bilization failed in the early treatment of intra- 
articular fractures. The early result following 
fracture consolidation was commonly a bony 
deformity with associated stiffness, pain, and 
functional disability. Overall motion was later 
improved using traction and joint mobilization, 
but instability and incongruity of the joint per- 
sisted. In order to avoid the complications of 
closed treatment, Charnley [2] proposed that 
perfect anatomical restoration and free- 
dom of joint movement could be obtained 
simultaneously only by internal fixation. 
However, he and others were dissatisfied with 
the outcome of early attempts at open reduc- 
tion and internal fixation of intra-articular 


Perfect anatomical restoration 
and freedom of joint motion 
can only be obtained by 
internal fixation (Sir John 
Charnley). 
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Indirect bending forces to a 
joint typically result in a partial 
articular fracture. 


Direct axial forces produce 
crushing or explosions of the 
joint components, so-called 
complete articular fractures. 


fractures. Available implants were unable to 
achieve sufficiently rigid fixation to allow early 
motion and prevent displacement. Therefore, 
patients received the worst possible combi- 
nation of the risks of open reduction together 
with the complications of long-term external 
immobilization. With the advent of antibiotics, 
improved soft-tissue handling, new implant 
designs, and a better understanding of the 
injuries by surgeons experienced in fracture 
care, open reduction and internal fixation of 
intra-articular fractures became reliably safe 
and more widely accepted. The initial results, 
following protocols for treatment set forth by 
the AO group, confirmed that rigid internal 
fixation and early joint motion improved x-ray 
and clinical results [3]. This has set the pre- 
cedent for the current philosophy of operative 
treatment of these injuries. 

Review of the experimental and clinical 
studies led Schatzker in 1987 to enunciate the 
principles of intra-articular fracture treatment 
as follows: 

¢ Immobilization of intra-articular 
fractures results in joint stiffness. 

e Immobilization of articular fractures 
treated by open reduction and internal 
fixation results in much greater stiffness. 

e Depressed articular fragments, which do 
not reduce as a result of closed mani- 
pulation and traction, are impacted and 
will not reduce by closed means. 

e Major articular depressions do not fill 
with fibrocartilage, and instability, 
which results from their displacement, 
is permanent. 

e Anatomical reduction and stable fixation 
of articular fragments is necessary to 
restore joint congruity. 


e Metaphyseal defects must be bone 
grafted to prevent articular fragment 
redisplacement. 

e Metaphyseal and diaphyseal displace- 
ment must be reduced to prevent joint 
overload. 

¢ Immediate motion is necessary to 
prevent joint stiffness and to ensure 
articular healing and recovery. This 
requires stable internal fixation. 


2 Mechanism of injury 


There are two common mechanisms of injury 
for articular fractures. The most common is the 
indirect application of force, producing a 
bending moment through the joint, which 
drives a part of the joint into its opposing 
articular surface. Usually the ligaments are 
strong enough to resist this eccentric load, 
converting the bending moment to direct 
axial overload, fracturing the joint surface. 
Typically, this results in a partial articular 
fracture (Fig. 2.3-1a). The second mechanism 
is the direct application of force, either directly 
to the metaphyseal-diaphyseal component of 
the joint, or through axial transmission of force 
from one end segment of bone to the opposing 
surface. This direct crushing or axial applica- 
tion of force commonly causes an explosion 
of the bone and a dissipation of force into 
the soft tissues. Complete multifragmen- 
tary articular fractures, with associated 
severe soft-tissue injuries, are the result. 
The bone quality, the position of the limb, and 
the exact vector of the force applied will deter- 
mine the fracture pattern (Fig. 2.3-1b). 
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Fig. 2.3-1: There are two 
mechanisms that commonly 
cause an articular fracture: 
a) An eccentric load or 
indirect force which causes 
a pronation or supination, 
varus or valgus mechanism 
to any joint. Loading one 
side of the joint usually 
produces a split or shearing 
fracture, while a pull on the 
ligamentous insertion on 
the opposite side results in 
an avulsion fracture or torn 
ligament. 


b) 


J) b) The other mechanism is an axial loading 


force which allows one end to act as a 
hammer on the other, producing an impaction 
of the articular surface or, if more severe, an 
impaction with fracture fragmentation of the 
metaphysis or even diaphysis. 
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Knowing the mechanism of 
injury helps in predicting the 
amount of soft-tissue damage. 


Articular fracture dislocations 
have associated neurovascular 
injuries. 


3 Evaluation of patient 
and injury 


Because the etiology of many of these injuries 
is a high-energy mechanism, it is important to 
evaluate the patient fully for associated musculo- 
skeletal and nonorthopedic injuries. It is not 
uncommon for patients to have concomitant 
fractures of the calcaneus, tibial plateau, ace- 
tabulum, spine, or long bones, due to the shared 
mechanism of injury. 

In assessing a specific joint injury, close 
attention should be paid to the soft tissues. 
Intra-articular fractures may cause gross mal- 
alignment of the limb, articular surface incon- 
gruity, or an associated joint subluxation or 
dislocation. All have the potential to com- 
promise the circulation to the surrounding 
skin, or even the limb itself, and so the 
vascular status distal to injury should be 
checked. This is best done by palpation of 
the pulses distal to the injury. If there are 
no palpable pulses or a discrepancy exists from 
the contralateral side, the use of a Doppler 
monitor and assessment of capillary refill, color, 
and skin temperature are necessary. A careful 
neurological examination of the limb should 
also be completed and documented. Prompt 
realignment of the limb should be followed by 
a repeat neurological and vascular examination. 
Extensive open wounds, lacerations, or de- 
gloving are easily identified in the zone of 
injury, but a small disruption of the integument 
near a fracture must be considered an open 
fracture, or joint injury, until proven otherwise. 
Inspection for leakage of bloodstained synovial 
fluid, fat globules in blood, or a leakage of intra- 
articular injected fluid indicate whether a frac- 
ture or joint injury communicates with the 
wound. 


In the absence of open wounds extensive 
injury to the surrounding tissues can still occur. 
Determining the exact mechanism that 
caused the injury can help to predict the 
extent to which the soft tissues may be 
damaged. The presence and location of any 
abrasions, joint effusion, skin blistering, and 
soft-tissue swelling should be noted. Point 
tenderness at ligamentous insertions may be the 
only clue to ligamentous disruption. Muscular 
compartments should be evaluated for any 
evidence of compartment syndrome. Both the 
AO and the Tscherne classification systems for 
closed injuries quantify the extent of soft-tissue 
damage (chapter 1.5). This is helpful in the 
development of a treatment plan. Following full 
evaluation, the limb can be immobilized tempo- 
rarily in a well-padded splint, or by traction, to 
reduce further swelling and potential additional 
soft-tissue compromise. 


4 Evaluation of the bone 
-injury 


Plain x-rays can provide a wealth of informa- 
tion regarding the injury to bone and offer clues 
to associated soft-tissue injury. They have tradi- 
tionally been the most important tool available 
to the fracture surgeon for the assessment and 
treatment of fractures. Initial x-ray analysis 
includes two views obtained in planes 90° to 
each other and centered over the injury zone 
(Fig. 2.3-2a). The remainder of the limb will be 
examined by x-rays if clinically indicated. To 
ensure adequate detail, the area of interest 
should not be covered by dense bandaging or 
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Fig. 2.3-2: X-ray evaluation of the bony injury: b) Oblique views in two planes may give even better 

a) Standard AP and lateral x-rays usually demonstrate the evidence of the articular involvement and help to 
major fracture pattern but show no details. Impaction of determine more precisely the extent and location of the 
the joint surface can be assumed when looking at the lesion. 


subchondral lines and double densities in the metaphysis. 


c) Axial CT-scans and (even more so) 3-D reconstruction give the complete picture of a damaged joint and thereby 
facilitate preoperative planning. If these are not available, the “old” technique of tomography certainly provides 
sufficiently adequate information. 
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In displaced articular fractures 
“traction views” help planning. 


Impacted articular fragments 
require operative reduction. 


Axial malalignment accelerates 
joint degeneration. 


splintage. If extensive fragmentation and 
deformity are present, traction applied to 
the extremity during the x-ray examina- 
tion may improve understanding of the 
injury. Therefore, initial x-rays may require 
a physician in attendance to stabilize the 
limb in order to ensure that adequate im- 
ages are obtained. For simple fractures, AP 
and lateral x-rays will suffice. 

For more complex fractures, oblique x-rays 
taken at 45° to the coronal plane will help to 
identify fracture fragments (Fig. 2.3-2b). Dis- 
placement and fragmentation of the articular 
and metaphyseal bone, identified by the plain 
films, can provide information about the amount 
of energy absorbed by the limb. Free articular 
fragments impacted into the supporting can- 
cellous bone of the metaphysis can be identified 
by the density of their subchondral cortical bone 
(Fig. 2.3-2a/b). As mentioned, these depressed 
fragments, without soft-tissue attachments, 
cannot be reduced by closed manipulation to 
their original position. The identification of 
such impacted fragments can have impli- 
cations for the subsequent treatment of 
the fracture, since they require operative 
reduction. 

The AO Müller Classification of fractures 
(chapter 1.4) categorizes fractures of the end 
segment of bone using a standard glossary of 
terms to improve communication, to develop 
treatment protocols, and to determine the 
outcome for specific injuries. The addition of 
computed tomography along with 2-D and 3-D 
reconstruction provide additional information 
about the number and position of the articular 
fragments, the presence of impacted articular 
segments, the location of metaphyseal fracture 
lines, and the overall morphology of the injury. 
This can be helpful in planning screw placement 
and implant position prior to surgery (Fig. 2.3-2c). 


5 Scientific basis of 
treatment of articular 
fractures 


Although the amount of energy absorbed by 
the bone can be evaluated with x-rays, the 
degree and extent of injury to the overlying 
hyaline cartilage cannot be so judged. Studies 
on the effects of impact load reveal that hyaline 
cartilage may fracture prior to bone, and a 
single impact can alter the biochemical com- 
position of the cartilage matrix [4, 5]. Never- 
theless, ample evidence suggests that articular 
cartilage can remain viable after blunt trauma 
[6, 7] and that reconstruction of the articular 
surface and restoration of the axial alignment 
of the limb offer the joint the best possible 
chance of recovery. Pauwels [8] proposed that 
there exists an equilibrium between articular 
cartilage regeneration and degeneration, de- 
pending on the biomechanical environment of 
the joint. Articular cartilage is able to withstand 
a specific amount of force (F) per unit area (A), 
better defined as stress ($), where S = F/A. If this 
stress exceeds a certain level for a period of 
time, articular cartilage may not be able to adapt 
and degeneration will follow. Increases in stress 
at the articular cartilage can be secondary to 
axial malalignment of the bone or unreduced 
articular surfaces following injury [9]. Axial 
malalignment alters load transmission 
across a joint and has been associated with 
accelerated joint degeneration (Fig. 2.3-4). 
Instability, caused by fracture or internal de- 
rangement, can also lead to cartilage degener- 
ation and may be important too in determining 
outcome [10, 11]. Pauwels [8] proposed that 
anatomical restoration of the joint surfaces and 
mechanical axes are necessary for a successful 
outcome following a displaced articular fracture. 
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Repair of adult articular cartilage injury 
following fracture depends on early ana- 
tomical reduction, rigid fixation, and early 
motion. Cartilaginous defects associated with 
fracture of the subchondral bone receive repair 
messages and undifferentiated mesenchymal 
cells from the underlying bone. Small gaps, or 
steps, in the articular surface can repair, but 
with a higher percentage of fibrocartilage, which 
has inferior mechanical properties and dura- 
bility [12]. Mitchell and Shepard [13] demon- 
strated experimentally that anatomical 
reduction and interfragmentary compres- 
sion fixation of an intra-articular fracture, 
followed by continuous motion, can lead 
to true hyaline cartilage healing. Llinas [14] 


showed that articular cartilage and subchondral 
bone surfaces exhibit adaptive mechanisms that 
may partially restore congruity and load trans- 
mission to a joint with a step-off of less than 
10% of the local articular cartilage thickness. 
This provides a guide to the minimal acceptable 
joint reduction. Salter et al. [12] demonstrated 
that immobilization of an injured joint leads to 
stiffness and articular cartilage degeneration, 
due to lack of nutrition and the formation of 
pannus. Further experiments revealed that the 
use of continuous passive motion (CPM) facili- 
tated the repair of full-thickness articular cartil- 
age defects in immature rabbits. 

The longer surgical reduction and stabili- 
zation of an articular fracture are delayed, the 
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Fig. 2.3-3: Anatomical reconstruction of the joint 
surface combined with stable fixation allows for early 
motion and distributes the forces of weight bearing 
evenly across the joint, all of which is essential for a 
good long-term result. 

a) Example of a complete articular fracture on the 
distal tibia 43-C in a ski-instructor. 

b) Exact reconstruction of the articular surface and 
stable fixation with implants available at that time in 
1965. No cast but immediate functional aftercare. 

c) 36 years later there are hardly any signs of 
posttraumatic arthritis and persisting good function. 
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Repair of adult articular 
cartilage depends on exact 
reconstruction, rigid fixation, 
and early motion. 


Continuous passive motion 
after anatomical reduction and 
rigid fixation of an articular 
fracture can lead to hyaline 
cartilage healing. 
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The preoperative plan prevents 
hazards, is educational, and 
helps quality control. 


Exact history, clinical and x-ray 
assessment are mandatory for 
preoperative planning. 


more hazardous and the worse the healing of 
the cartilage injury and the more likely that a 
later degeneration will result. Injury to hyaline 
cartilage without fracture of the underlying 
subchondral bone is not associated with an 
inflammatory response, due to its avascularity, 
and therefore does not repair spontaneously. 
The effect of isolated cartilage injury on long- 
term outcome of joint trauma is yet to be deter- 
mined. 

There seems to be little tolerance for altera- 
tions in joint morphology in experimental 
animal models. This has been confirmed in 
humans through clinical studies, which have 
demonstrated that final functional and x-ray 
results depend on anatomical reduction and 
early active joint motion [3, 15, 16]. On the 
other hand, exact reconstruction and stable 
fixation may give functionally excellent and 
long-lasting results (Fig. 2.3-3). 


6 Principles of treatment 


6.1 Understanding of the 
injury 


A thorough history of the mechanism of 
injury, preinjury functional and work 
status, and patient expectations is required. 
Physical examination of the patient and 
limb is mandatory. Soft-tissue injury, espe- 
cially swelling, blisters, abrasions, and/or 
lacerations must be assessed and documen- 
ted. X-ray evaluation is performed so that 
the surgeon may understand the fracture 
pattern. 


6.2 Preoperative planning 


Preoperative planning is an important pre- 
requisite for contemplating open reduction 
and internal fixation of intra-articular fractures. 
Adequate x-ray analysis (see Fig. 2.3-2) will 
allow the surgeon to understand both the total- 
ity of the injury (what Nicol called the “perso- 
nality” of the fracture) and what will be needed 
during operation to accomplish the goal of ana- 
tomical restoration. Deciding the details of the 
procedure, the operating table, patient position, 
approach, specific instruments, the implants, 
and the need for intraoperative x-ray, prior to 
commencing, will likely allow the surgery to 
proceed more effectively and without the “am- 
bush” of unforeseen problems. A detailed plan 
and surgical tactics are mandatory prior to 
starting any osteosynthesis of an intra-artic- 
ular fracture, as well as serving as an edu- 
cational tool and a quality control exercise 
for the surgeon. 


6.3 Timing of operation 


Following full evaluation of the patient and the 
specific injury, certain factors may influence a 
surgeon's ability to intervene at a given time. 
In a patient with an isolated injury to a joint, 
the rapid onset of excessive swelling after injury 
to a subcutaneous joint is usually the result of 
hemorrhage into the joint and surrounding 
tissues. Immediate surgery may allow evacua- 
tion of such a hematoma, while reduction and 
fixation will reduce further bleeding and allow 
resolution of the swelling. Therefore, a window 
of opportunity for early fracture fixation may 
be present immediately following the injury. 
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Fig. 2.3-4: Malunion or incongruence of an injured 
joint changes the weight-bearing axis, resulting in 
overload in some areas and voids in others. This causes 
degeneration of the cartilage with narrowing of the 
joint line and arthrosis. 

a) Example of a 48-year-old female farmer who 
sustained a type C malleolar fracture with dislocation in 
1960. 

b) Postoperative x-ray with a poorly reduced, shortened 
fibula and a transsyndesmotic lag screw! 

c) 20 years later the ankle has spontaneously fused 
between tibia and talus, while there is still a joint space 
visible between tibia and fibula. 


If the soft-tissue envelope around the joint 
is swollen or traumatized with abrasions or 
degloving injuries on presentation, early 
surgery within the first few days may be 
contraindicated. It is known that fixation of 
long bones may decrease the morbidity and 
mortality associated with prolonged bed rest, 
but no such data exist on the early fixation of 
intra-articular injuries. 

Complex intra-articular reconstruction may 
require prolonged operative time, and therefore 
the immediate treatment of these injuries may 


be contraindicated in the multiply injured 
patient. Exceptions to this would be open intra- 
articular fractures, which require at least a 
formal operative débridement, wound excision, 
and irrigation. During the procedure, all osteo- 
chondral fragments should be retained, unless 
severely contaminated (chapter 5.1). 
Reduction and temporary or definitive stabi- 
lization of the joint surface should be accom- 
plished during the same operation as the 
operative débridement, so that when formal 
reconstruction is undertaken all the articular 


In articular fractures timing of 
surgery depends on soft-tissue 
condition. 
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Temporary joint bridging by 
external fixation helps to 
resolve swelling. 


fracture fragments will be available to guide the 
final reduction. Early temporary stabilization 
of the fracture by external fixation to span 
the joint, or traction, may be helpful in 
preventing further soft-tissue injury by con- 
trolling the fractured limb and by main- 
taining bone and soft-tissue alignment 
during resolution of the acute hemorrhage 
and inflammation. Any delay in definitive 
fixation will be determined by the con- 
dition of the patient and the soft-tissue 
envelope. It is safe to operate when the skin 
has regained its creases and wrinkles over 
the operative site with motion. 

Abrasions and blisters need to be epithelia- 
lized and dry. Where there is a closed subcuta- 
neous degloving and crushing of the subcu- 
taneous fat, early operative débridement and a 
possible delayed articular reconstruction are 
likely to be required. By assessing the inflam- 
matory mediators, Trentz (chapter 5.3) has 
shown that the reduced endocrine response at 
7-10 days after injury corresponds to the 
clinical resolution of the swelling and inflam- 
mation. Finally, if surgery is delayed for more 
than 2-3 weeks, reconstruction may be more 
difficult and complicated by reorganization of 
the injured tissues, limiting the ability to obtain 
anatomical restoration of the articular surface 
and axial alignment of the bone, thereby pre- 
judicing the long-term results [17]. 


6.4 Surgical approach 


For most appendicular skeletal injuries, skin 
incisions should be longitudinal, perpendicular 
to the axis of the joint, and not directly over any 
bony prominence. They should not be so liberal 
as to lead to desiccation of sensitive structures 
(e.g., nerves, tendons). The possibility of future 


procedures should be kept in mind while plan- 
ning the approach, although this consideration 
should not limit the access necessary for re- 
duction and fixation. Skin incisions should be 
extensile for further exposure, so as to limit 
tension on the skin during wound retraction. 
Although skin has a rich vascular supply de- 
rived from the underlying fascia, in areas of 
traumatized tissue large cutaneous flaps should 
be avoided. Full-thickness fasciocutaneous flaps 
can be raised to allow mobilization of the soft 
tissues for improved access to the bone. Once 
down to bone, care should be taken to avoid 
unnecessary stripping of any capsular or soft- 
tissue attachments of cortical fragments. Access 
to the joint can be accomplished either through 
fracture planes and associated rents in the arti- 
cular capsule or through planned arthrotomies. 
Extensive stripping of capsule from articular 
bony fragments must be avoided in order to 
maintain their blood supply. Evacuation of 
hemarthrosis and any intra-articular debris is 
facilitated by copious irrigation of the joint. 
Manual or mechanical traction applied to the 
limb can improve the view of the joint surfaces. 


6.5 Articular reduction 


All fracture surfaces must be thoroughly cleared 
of hematoma and any early callus. At this stage, 
loose osteochondral fragments can be removed 
from the wound, but impacted fragments 
should not yet be elevated from their under- 
lying cancellous beds. Regardless of their size, 
all articular fragments should initially be 
retained as keys to the final reduction. Once 
debris has been cleared, traction is removed 
from the limb to allow the intact portions of the 
joint to resume an anatomical position. If 
inadequate stability exists, the large distractor, 
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Fig. 2.3-5: Reconstruction of a tibial plateau 
41-B3 fracture, through a straight lateral 
parapatellar approach: 

a) Indirect reduction and axial alignment by 
ligamentotaxis with a joint bridging distractor. 

b) The large, impacted articular fragment is 
elevated with a curved impactor, introduced 
through the fracture or through a cortical window 
in the metaphysis. 

c) After temporary fixation of the reduced 
fragment with a K-wire, the meta-physeal/ 
epiphyseal bone defect is filled with autogenous 
cancellous bone or a cortico cancellous block 
acting as a strut. 

d) The reconstructed lateral plateau is finally 
buttressed by a L-plate or T-plate. The K-wire has 
been replaced by a (cannulated) 6.5 mm 
cancellous bone lag screw. 


or an external fixator, may be used to 
maintain distraction and axial alignment 
and to allow a degree of indirect reduc- 
tion of fracture fragments (Fig. 2.3-5a). 
The intact joint surfaces and the opposing 
articular surfaces are used to judge the 
reduction of displaced or impacted arti- 
cular fragments. Working through the 
fracture or through a window created 
in the metaphyseal cortex, central 
depressed fragments can be elevated 
and reduced. Impacted osteochondral 
fragments should be elevated from 
the underlying metaphyseal bone 
along with an adequate block of can- 
cellous bone by an osteotome or ele- 
vator. This technique maintains the im- 
pacted zone between the subchondral 
cortical bone and its underlying can- 
cellous bone, facilitating possible future 
fixation (Fig. 2.3-5b). 


Impacted fragments must be 
elevated and fixed in the 
reduced position. 
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Metaphyseal bone defects 
must be filled with autogenous 
bone or a substitute. 


Joint surface restoration must 
be checked intraoperatively. 


Although free cartilage or osteochondral 
fragments without cancellous bone support, 
will be helpful in positioning major articular 
fragments, it would be difficult to fix and main- 
tain their position later, while their long-term 
viability is questionable. They are therefore 
discarded after aiding in the reduction. Bone 
defects left behind within the metaphysis 
are filled with an autogenous cancellous or 
corticocancellous graft for early support 
of the articular surface and to stimulate 
reconstitution of metaphyseal bone stock. 
Cortical reduction and soft-tissue attachments 
will guide the repositioning of peripheral frac- 
ture fragments and their associated articular 
surfaces. Self-locking bone holding forceps or 
K-wires are used to hold the fracture in position 
provisionally while the reduction is confirmed 
(Fig. 2.3-5c). 

Special circumstances exist which require 
deviation from the usual reconstructive proto- 
col. In simple fractures, with a single large 
fragment split from the joint and causing in- 
stability, closed reduction can be performed in 
the operating suite. Using fluoroscopy, the re- 
duction can be confirmed, followed by sta- 
bilization of the fracture using guide wires and 
cannulated screws [18]. In the presence of intra- 
articular and metaphyseal fragmentation (C3 
injuries), no portion of the articular surface is 
in continuity with the metaphysis. If initial 
cortical reduction of the metaphysis will provide 
a stable framework upon which the articular 
reduction can be built, then the order of the 
procedure is reversed and the metaphysis is first 
reconstructed to the intact diaphysis. 

Direct inspection of the joint surface, 
either through arthrotomies or arthro- 
scopically, will evaluate the reduction of 


the cartilaginous surfaces [19, 20]. Intra- 
operative fluoroscopy or x-rays will provide 
information on reduction of the bone. Once 
the reduction is satisfactory, fixation of the 
intra-articular portion can be completed. 
Lag screw fixation causes compression between 
cancellous surfaces and results in stable fixation 
of the fragment. If multiple small fragments are 
present, reduction of the fracture and support 
of small fragments can be maintained with fully 
threaded position screws. In this instance, 
absolute stability may not be obtained due to 
the small areas of fragment contact. Care must 
be taken not to overcompress these fragments. 
Techniques have recently been described in 
which multiple screws are placed in the prox- 
imity of the subchondral surface to support 
fracture fragments (rafting technique), but the 
effect on the local biological and mechanical 
environment of the bone and cartilage is not yet 
clear. 


6.6 Metaphyseal/ 
diaphyseal reduction 
and fixation 


The primary goal for reduction and fixation of 
the extra-articular component is restoration of 
axial alignment with adequate stability to start 
early motion. In simple partial fractures ex- 
tending into the metaphysis (BI), lag screw 
fixation may be sufficient [21]. With fragmen- 
tation of the metaphysis or joint surface, gaps 
and defects in cancellous or cortical bone can 
remain following reduction. The reduced area 
of contact decreases the amount of stability 
contributed to the construct by the bone itself, 
while only some of the force can be borne by a 
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buttress plate. Comminution of the meta- 
physis or diaphysis may tempt a surgeon 
to precisely reduce and internally fix all of 
the non-articular cortical fragments. Such 
exact reductions may result in improved 
stability, however, at the cost of possible 
devascularization of fragments. Exact re- 
duction of cortical fragments in the meta- 
physis is not necessary as long as axial align- 
ment of the limb is maintained (Fig. 2.3-5d). 
Large fragments can be positioned with clamps 
and held with screws. A buttressing device, 
usually a plate, is then used to fix the arti- 
cular block to the intact portion of the 
diaphysis. Currently, external fixators and 
hybrid ring fixators are becoming more 
popular, due to their ability to reduce 
indirectly and protect the fracture zone 
without surgical dissection [22-24]. How- 
ever, absolute stability is not obtained. A signifi- 
cant part of the force is transmitted through the 
fixator and relative stability of the entire con- 
struct will be sufficient to allow controlled early 
motion (chapters 4.8.1 and 4.8.3). 


6.7 Soft-tissue 
reconstruction 


Ligament injury occurs in 20-30% of intra- 
articular fractures around the knee. Intra- 
substance tears of the cruciate ligaments are 
commonly left untouched due to the risk of 
knee stiffness following early reconstruction 
and poor results following primary repair. 
Medial collateral injuries are usually not re- 
paired, but require bracing and early motion. 
Avulsion injuries of the collateral and cruciate 
ligaments can be dealt with during surgery of 
the intra-articular fracture. Regardless of the 
treatment, early motion should be started soon 


after repair. Unless it appears that ligament repair 
will improve stability to facilitate postoperative 
mobilization, it should be delayed [25, 26]. 

Following bony reconstruction, suction drains 
should be placed to prevent fluid collection and 
reduce postoperative swelling. Deep layers are 
loosely approximated and the skin closed with 
atraumatic technique (chapter 1.5). To avoid 
complications of skin necrosis and wound 
dehiscence, it is vital to avoid tension on 
skin closure. If this cannot be achieved, the 
wound should be left open beneath sterile, non- 
desiccating dressings and the patient scheduled 
for further surgical inspection and possible soft- 
tissue cover in 2-5 days. The timing of this 
“second look” will depend on the nature of the 
soft-tissue injury. Preoperative consultation 
with surgeons trained in soft-tissue transfers 
may be prudent, as local or distant soft-tissue 
transfers can reliably cover remaining defects 
(chapter 5.2). 


6.8 Postoperative care 


The joint should be placed in a soft bulky band- 
age postoperatively. If stable fixation has been 
achieved, early postoperative CPM or active 
assisted and active range of motion exercises 
can be started under the supervision of a 
therapist. 

A short period of immobilization, to main- 
tain optimal position of the extremity until 
muscle control of joint motion is regained, will 
help to prevent soft-tissue deformity. Although 
the importance of early motion on cartilage and 
ligament healing has been demonstrated, if the 
surgeon is unable to achieve adequate operative 
stability of the fracture, postoperative immo- 
bilization may need to be continued until early 
signs of consolidation are noted on x-rays, 


In the metaphysis axial 
alingment is more important 
than anatomical reduction. 


Skin closure without tension is 
vital for uneventful healing. 


Buttress of the metaphysis can 
be done by plate or external 
fixators. 
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indicating that postoperative stiffness is likely. 
Frequent x-ray surveillance is important for 
fractures treated non-operatively or by internal 
fixation. Early detection of loss of reduction or 
fixation will allow timely corrective inter- 
vention. Limited weight bearing (10-15 kg) is 
tolerated. Isometric muscle exercises are started 
on day one following the operation. With the 
start of weight bearing, strengthening of the 
muscles crossing the joint can begin. 


7 Summary 


Because of the uniqueness of the articular end 
segment of a bone, the treatment is different 
from that of diaphyseal fractures. The principles 
of articular fracture management are designed 
to assure an anatomical reduction of the joint 
surface as the most crucial step. Axial realign- 
ment of the limb is imperative, to be achieved 
as permitted by the condition of the patient and 
of the soft tissues. The overall management of 
an articular fracture requires a well-designed 
preoperative plan and a skillfully executed sur- 
gical tactic, followed by appropriate aftercare, 
in order to guarantee the best possible outcome. 
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Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/23.htm 
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1 Introduction 


Prior to an operation, the time which a 
surgeon devotes to a careful preoperative 
plan is of critical importance and often 
determines the success or failure of the 
procedure. It is at this point that the surgeon 
can take all the time needed to define the sur- 
gical problem, to identify fully all the anatom- 
ical and technical aspects of the procedure, and 
then carefully plan the solution. 

In order to define the surgical problem the 
surgeon must first establish the diagnosis. This 
requires a detailed history, a careful physical 
examination, all necessary laboratory tests, 
together with appropriate x-rays and whatever 
ancillary imaging studies, such as CT scans, 3-D 
reconstructions, or MRI, that the clinical situa- 
tion dictates. 

The diagnosis alone is not enough to 
guide the surgeon to the correct choice of 
a procedure. Proper decision making must 
also take into account the patient’s physical 
state (see chapter 2.1), and the patient’s expecta- 
tions of the proposed treatment. In addition, the 
surgeon must have a thorough knowledge of 
the relevant operative procedures and the rela- 
tive dangers and success rates of each. The 
decision to operate and the choice of the 


Preoperative planning 


procedure must be made, if at all possible, in 
consultation with the patient, once all the 
benefits and risks of the procedure have been 
carefully explained. Failure to communicate all 
these matters to the patient often stems from a 
failure to prepare a detailed preoperative plan. 
The central feature of a careful preoperative 
plan of a procedure is first to identify the desired 
end result and then to add a detailed list of all 
the surgical steps involved in getting there. 
The advantages of careful graphic pre- 
operative planning are numerous and the 
requirements are simple. They are: 

a) Good x-rays, including views of the 
normal side when appropriate and 
possible. 

b) Transparencies or good tracing paper. 

c) A full set of relevant implant templates 
of correct scale. 

d) A goniometer. 

e) Colored felt-tipped pens and a sharp 
pencil. 


Using drawings, the surgeon can arrive at the 
best method or methods of solving a problem. 
The surgical process is worked out and per- 
formed on paper. It can be repeated as many 
times as necessary until the surgeon has grasped 
the full magnitude of the problem and has 


The time which a surgeon 
devotes to a careful 
preoperative plan often 
determines the success or 
failure of the procedure. 


The diagnosis alone is not 
enough to guide the surgeon 
to the correct choice of a 
procedure. 
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The plan should contain also 
all the steps necessary for the 
procedure, numbered in order. 


found the best solution. This process of trial and 
error allows the surgeon to get a feel for the 
dynamics and intricacies of the problem to be 
solved. The ability to shift the tracings around, 
to superimpose one on the other, to lengthen, 
to shorten, to angulate or displace, all aid in 
developing a 3-D image of the problem, of its 
associated soft-tissue implications, and of the 
ultimate solution. 

The important landmarks for implant inser- 
tion are located, and distances, angles, and sizes 
of wedges can all be measured, leading to selec- 
tion of the implant and its correct size. With a 
carefully executed plan the surgeon will never 
commence the operation lacking the necessary 
implants or instruments, and never attempt an 
inappropriate approach on an improperly 
positioned patient. The graphic plan forms a 
permanent record of the thought process and 
of the solution. If properly done it should even- 
tually be seen to correspond to the post- 
operative x-ray, allowing an immediate quality 
control of the surgeon’s efforts. The plan 
should contain also all the steps necessary 
for the procedure, numbered in the order 
in which they are to be carried out. This 
provides a step-by-step guide to the operation 
and allows the surgeon to concentrate on the 
procedure free from the distraction of having to 
improvise each stage as it arises. This results in 
surgery becoming not only faster but much 
safer. Unforeseen situations, however, can and 
do arise during the procedure, and the surgeon 
must always be prepared to adapt in response. 


Fi] Planning in the acute 
situation 


The tracing of the different fracture fragments 
from x-rays in different planes allows the sur- 
geon to recognize details of previously unnoticed 
features of the fracture. In addition, considering 
the same fragment in different planes helps in 
forming a three dimensional concept of the 
fracture. Reduction of the fracture at the time 
of surgery results from manipulation of the 
fragments. Manipulating them on paper first 
often discloses not only latent angulation and 
shortening, but also rotational displacement. All 
of these need to be corrected. 

In the early years of the AO method of oper- 
ative fracture care, the same principles of reduc- 
tion and stabilization applied to all fractures, 
diaphyseal as well as articular. Developments 
which have occurred over the years, in both the 
principles and the techniques used to treat 
fractures, are the result of biomechanical and 
biological research. Today’s dictum is that in 
dealing with diaphyseal fractures the require- 
ment is to restore length, rotation, and alignment, 
without seeking detailed anatomical recon- 
struction. In dealing with articular fractures, on 
the other hand, one must achieve anatomical 
reduction of the articular surface and reduction 
of the metaphyseal deformity in order to 
overcome axial malalignment and joint over- 
load. The type of reduction and fixation of the 
metaphyseal deformity will be determined by 
the fracture morphology and the associated 
soft-tissue factors. Thus, the choice of a proce- 
dure, with all the associated details, is made on 
the basis of the patient factors and of fracture 
factors such as the status of the soft tissues, the 
bone, the segment, and the fracture morphology. 
Decisions made on the basis of these factors 


2.4 Preoperative planning—J. Schatzker 


must always be tempered by the personal 
experience of the individual surgeon. 

For diaphyseal fractures, which are to be 
stabilized with locked intramedullary nails, 
little detailed graphic preoperative plan- 
ning is required. The issues which have to 
be decided are: which size and length of 
intramedullary nail—with or without 
reaming—and what type of interlocking, if 
choices are available. Plating, however, 
demands more detailed planning. 

Simple fractures, if they are to be treated 
with screws and plates, require absolutely stable 
fixation. This can be achieved only with ana- 
tomical reduction and fixation by interfragmentary 
compression. Therefore, the issues to be ad- 
dressed in planning are the type of fixation, lag 
screws alone or lag screws in combination with 
a plate, or compression applied with a plate 
alone as is often the case in transverse or very 
short oblique fractures. One must pay attention 
to the specifics of the fixation, and these include 
the type of reduction to be employed, direct or 
indirect, the order in which the devices are to 
be inserted, and, of course, the surgical approach. 

In using plates to treat wedge and complex 
fractures, particularly the latter, the surgeon 
may strive for relatively stable fixation, which 
implies that the plate is applied as a bridging 
device or “bridge plate”. The issues to preplan 
here are: 

e The correct length, alignment, and 
rotation of the bone. 

¢ The type and length of the plate. 

¢ The number of screws. 

e The function of the screws (as some 
may still be inserted as lag screws even 
in bridge plating). 


Under these circumstances, indirect reduc- 
tion is required in order to preserve the viability 
of all fragments. For this the surgeon must 
decide between using a distractor, or the plate 
and a distracting device. In addition, the surgical 
approach must be decided upon as well as the 
degree of invasiveness. Will the plate be slid 
under the muscle envelope with minimal 
exposure of the fracture, or to what degree will 
it be necessary to expose the fragments in order 
to apply and fix the plate? 

Articular fractures present different 
challenges. The articular components re- 
quire accurate anatomical reduction. The 
decision to be made is whether this will 
require direct exposure of the fragments 
or whether, as in tibial plateau fractures, 
reduction might be achieved with the aid 
of an arthroscope or an image intensifier. 
In dealing with articular fragments one has to 
aim for absolute stability to facilitate union and 
articular cartilage regeneration. Therefore, one 
has to rely on lag screws for fixation. These may 
be inserted under direct vision, or percuta- 
neously as cannulated screws. 

In complete articular fractures, for example, 
type C1 or C2 fractures of the distal femur, the 
articular reduction poses less of a challenge than 
does the re-establishment of axial alignment, 
which may be accomplished simply with the 
proper insertion of an angled blade plate or the 
compression screw of a DCS. The fixed angle of 
the device will automatically restore axial 
alignment. In type C3 fractures the task be- 
comes much more difficult because a fixed 
angle device may not be appropriate. Here the 
surgeon may use a tracing of an x-ray of the 
normal side as a template of the desired end 
result, or else may use a template of the knee 


Planning for plating needs to 
be more detailed than for 
nailing. 


Articular fractures present 
different challenges than 
diaphyseal fractures. 
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joint axes as an aid in the plan for re-establishing 
normal axial alignment after reduction. The 
preoperative plan may first involve the cutting 
out of the outlined fragments, their numbering 
for identification, and their arrangement along 
the knee joint axis. Then come the specifics of 
fixing an appropriate plate to the reconstructed 
epiphyseal block, before undertaking an indirect 
reduction of the metaphyseal component of the 
fracture. 

If there is a defect in the metaphysis because 
of compression of the cancellous bone, as is the 
case in axial impaction fractures, then one may 
plan for a bone graft and indicate this on the 
sketch. At times, the damage to the soft tissues 
will dictate bridging of the metaphysis with an 
external fixator as the first step, and a delayed 
final reconstruction would follow at 2-3 weeks, 
depending on the status of the soft tissues. 


3 The surgical tactic 


While the rehearsal of the operative procedure 
and its expression in the form of a drawing of 
the proposed final result are the central features 
of good preoperative planning, the surgical 
tactic by which the result is to be achieved must 
now be developed and recorded. 

This might be considered under the following 
main headings. 


The patient 


e Type of anesthesia 

e The need for a tourniquet 

* Positioning 

e Fracture table or radiolucent table 


The procedure 


e Approach 

¢ Implants and instruments 

e Special equipment for reduction 

¢ Types of implants 

¢ Need for bone graft or bone substitutes 
e Cell saver or special blood substitutes 


Support services 


e X-rays or C-arm 

e Other forms of aids to vision, for 
example, arthroscopic or computer- 
assisted guidance 


Postoperative care 


e CPM device 
e Traction 
e Splinting 


Information on these matters will ensure that 
the OR staff have had time to prepare for their 
patient and to identify and remedy potential 
difficulties. 


4 | Planning techniques 


4.1 Direct overlay 


In a straight bone, each component may be 
traced onto a separate transparency and the 
bone is then rebuilt over its central axis, re- 
presented by a straight line (Fig. 2.4-1). An 
appropriate template is used for selection and 
placement of the implant(s). 


2.4 Preoperative planning—J. Schatzker 


a dh 


a) b) c) 


Fig. 2.4-1: The direct overlay technique is a quick method 
for planning in a straight bone. The various components 
of the segmental fracture should be traced on individual 
pieces of paper. A straight line is drawn and the fragments 
are then assembled on this axis. 


4.2 Overlay using the 
normal side 


A tracing is made of the normal side. The 
fracture is drawn on another sheet and may be 
“exploded” for greater ease in identifying the 
fragments. The fragments may then be drawn 
into, or cut out and reassembled, on the normal 
drawing, which must be reversed to match the 
fractured side (Fig. 2.4-2). 


4.3 Drawing a fracture 
adjacent to a joint using 
the physiological axes 


An outline of each physiological axis is made 
using a template or a drawing from the opposite 
side (Fig. 2.4-3). If the fracture involves the joint 
surface, this is first “re-assembled” using the 
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Fig. 2.4-2: Overlay using normal side. 


template. b) Tracing of the fracture. 


c) The fracture fragments can be cut out or drawn separately. 
a) Tracing of the normal side—rotated to serve as d) These fragments are then re-assembled on the drawing of the 
intact side which has been reversed to match the fractured side. 
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a) b) 


Fig. 2.4-3: b) An outline of each phyosiological 
axis is made using a template (a) or a drawing 
from the opposite side. 


> 


technique described in section 4.2 (Fig. 2.4-4a). 
The assembled block is then drawn in, re- 
specting the physiological axes and the 
mechanical axis of the joint. Any additional 
metaphyseal components are reassembled 
around the appropriate mechanical axis 
(Fig. 2.4-4b/c). 

The principles of using the mechanical axis 
in the diaphysis are detailed in the osteotomy 
example (see section 7). 
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Fig. 2.4-4: a) Each major fracture fragment is drawn on a separate sheet. 


b) The bone is reassembled around the physiological axes. 


c) By the use of templates the appropriate implants are drawn in. 
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5 Planning the correction 
of deformities 


In order to define a deformity one requires an 
AP and a lateral x-ray of the bone. Frequently, 
x-rays of the normal side are also helpful as 
they help in establishing the normal anatomical 
axes which are an essential prerequisite in 
defining angular deformities. The x-rays of the 
normal side also provide a template of the 
desired end result of corrective surgery, which 
is usually the restoration of the normal rela- 
tionships. 

In dealing with deformities of the lower 
extremities, one should also obtain a three-foot 
standing film. This is important for two reasons. 
First it permits the establishment of the me- 
chanical axis, which is an imaginary line drawn 
from the center of the hip to the center of the 
ankle joint (see chapter 2.2, Fig. 2.2-1). Under 
normal circumstances it passes through the 
center of the knee joint. Secondly, the standing 
film allows one to see deformities under 
load. These may be present as a result of 
ligamentous laxity or loss of bony substance. 
If one comes to suspect that a lax ligament is 
contributing to a deformity, a true stress x-ray 
should supplement the study. Similarly, if a 
ligamentous laxity exists on the concave side of 
a deformity, this must be determined by an 
appropriate stress film. To avoid overcorrection, 
the degree of correction obtained as a result of 
the laxity has to be accounted for and sub- 
tracted from the proposed amount of axial 
correction which was calculated on the basis of 
the anatomical axes. 

In dealing with intra-articular deformities, in 
order to image their full complexity one must 
supplement the AP and lateral x-ray with other 
special projections (e.g., Judet views of the 


acetabulum). There may be a need for CT scans 
with coronal and sagittal reconstructions, 
frequently also for 3-D reconstruction and often 
for MRI. The MRI will show fracture lines 
many months after the accident, when they 
are no longer easily discernible on a CT scan. 

Rotational deformities can often be 
determined, up to a point, by means of a 
careful physical examination. An accurate 
measurement, however, can be obtained 
only by comparing CTs of both the ab- 
normal and normal extremity. To determine 
rotational deformities, one must order cuts 
through the joints proximal and distal to the 
bone so that one can select appropriate re- 
ference points to carry out the measurements. 


Type of deformities 


Deformities are either simple or complex. A 
simple deformity is a deformity in only one 
plane. A complex deformity occurs in at least 
two planes. Thus, a complex deformity may 
have angular deformities in two planes, a 
rotational deformity, and shortening. 


Evolving the rationale of the procedure 


Before one can correct a deformity one must go 
through a number of essential steps: 

Define the deformity. 

e Define the procedure designed to 
correct the deformity. 

e Decide whether the soft-tissue 
envelope will allow the procedure to be 
carried out without undue risks. 

e Evaluate whether its risks and its 
potential benefits make the procedure 
justifiable. 


The MRI will show fracture 
lines when they are no longer 


easily discernible on a CT scan. 


CTs are needed for precise 
measurement of the rotational 
deformity. 


Long standing films are 
important in dealing with 
lower limb deformity. 
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An angular deformity of a long 
bone is best corrected through 
the apex of the deformity. 


6 The drawing of the 
preoperative plan 


The drawing of the preoperative plan begins 
with a tracing of the outline of both the AP and 
lateral x-ray of the normal side. On these one 
marks in the anatomical axes, the joint axes 
where indicated, and, in the lower extremity if 
possible, the mechanical axis. 

Next one traces out the outlines of the AP 
and lateral x-ray of the deformed bone. One 
should then mark in the anatomical axes. The 
angles of correction are obtained by simply 
superimposing the tracing of the normal side 
over the tracing of the deformed side and by 
tracing in the normal anatomical axes on the 
deformed side. The intersection of the ana- 
tomical axes of the deformed side with the 
anatomical axes of the normal side gives one 
the angle of correction. 

In acomplex deformity it may be extremely 
difficult to draw in the anatomical axes because 
of the misshapen bone. In such a case it can be 
helpful to superimpose the tracing of the 
abnormal side over the tracing of the normal 
bone. One can begin with either the proximal 
or distal part of the bone. By superimposing the 
joint surfaces and as much of the metaphyses 
as possible, one can then draw in the ana- 
tomical axes of the normal side onto the 
deformed side and in this way establish the 
proximal and distal anatomical axes of the 
deformed bone. By extending the axes till they 
intersect one can obtain the angle of deformity 
and, thus, the angle of correction. The same 
steps are repeated for the lateral projections. 

It is not possible to draw in the rotational 
deformity, but the degrees of malrotation 
should be marked in on the preoperative plan. 


6.1 Where to do the 
correction? 


An angular deformity of a long bone is 
best corrected through the apex of the 
deformity. In the past, surgeons attempted to 
correct diaphyseal angular deformities through 
the metaphysis, hoping for better healing from 
the cancellous bone. Such corrections, partic- 
ularly if the corrective osteotomy was at a 
distance from the deformity, resulted in new 
complex deformities which rarely addressed the 
problem they were designed to correct. Usually 
the result was a further deformity which not 
only failed to correct the initial deformity, but 
resulted also in additional serious problems. 
These might include an undesirable angulation 
of a weight-bearing surface, which was now no 
longer at 90° to the weight-bearing axis, or in 
an undesirable translocation of the bone which 
led to abnormal loading of the articulations. 


6.2 What type of osteotomy? 


In planning a corrective osteotomy, the surgeon 
must realize the corrections which are possible. 
One can carry out angular corrections in the 
coronal and sagittal planes, one can shorten or 
lengthen, rotate in or out, and lastly translocate 
medially, laterally, anteriorly, or posteriorly. 

Osteotomy cuts can be transverse, oblique, 
or stepwise. 

Whenever a rotational correction is necessary, 
it is best to begin with a transverse osteotomy 
at 90° to the long axis of the bone. This will 
allow for rotational corrections regardless of 
what wedges are cut from the other fragment. 
If the initial cut is oblique, and then one tries 
to correct a rotational deformity, one ends up 


2.4 Preoperative planning—J. Schatzker 129 


SSS SSE eee) ee) a C 5 —_____.}_ ___________. } 
with the very difficult task of having to cut a 7 Example ofa 
pyramidal wedge. Lastly, in correcting angular preoperative pl an 


deformities the surgeon must remember that 
the wedges can be either open or closed, As an illustrative example of the preoperative 
depending on whether one wishes to shorten plan of the correction of a simple deformity I 
or lengthen the bone. Closing wedges unite have chosen a malunion of the proximal femur. 
faster and rarely require bone grafting, but they [Itis the result of a fracture through the base of 
sacrifice length. Opening wedges add length, the neck which united with a 30° varus deformity. 
but it is best to reserve them for children and 
younger teenagers, because in adults they heal 
very slowly or not at all. In adults, the defects 
can be grafted, if indicated, even if it means 
using allograft blocks. 

Similar considerations apply to some degree 
to the mode of fixation. Opening wedges of 
diaphyses in the adult should not be attempted, 
if plate fixation is planned. If one uses an intra- 
medullary nail for fixation, and if the osteotomy 
is done with an intramedullary saw leaving the 
soft-tissue envelope undisturbed, the usual 
result is good healing without any need for 
additional bone grafting. An exception would 
be an opening wedge where a plate might be 
used over a block allograft. 

Progressive corrections of complex deformities 
are possible with the Ilizarov technique. The 


principles of such corrective procedures are Fig. 2.4-6 
different and the two techniques should not be 
confused. 
Examples of osteotomies issued to correct X-rays of the normal and the deformed sides 


deformities are to be found in chapter 6.4 and should be at hand. The preoperative plan begins 
there follows a detailed description of the steps with the drawing of the outline of the normal 
involved in planning an osteotomy. bone (which is then reversed) (Fig. 2.4-5) and of 
the deformed bone (Fig. 2.4-6). Next the anatom- 
ical axes are marked in. The neck axis is found 
by joining the center of the head with the center 
of the neck. The shaft axis is found by joining the 
midpoint of the femur at two or three levels. 
To find the difference between the neck 
shaft angles of the two bones we superimpose 
the two tracings. Because the deformity is 
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An osteotomy at the level of 
the femoral neck is technically 
difficult and could result in an 


avascular necrosis of the head. 


One must strive for a 
compromise between leg 
length and stability. 


through the base of the neck, the outlines of the 
shafts and of the greater and lesser trochanters 
superimpose accurately. The angle formed be- 
tween the axes of the necks is the angle of the 
deformity or the angle of correction (Fig. 2.4-7). 

On the tracing of the deformed bone mark 
in the osteotomy. The corrective osteotomy 
would be best at the level of the apex of the 
deformity, which in this instance is the base of 
the neck. An osteotomy at the level of the 
femoral neck is technically difficult and 
could result in an avascular necrosis of the 
head. For this reason the correction will be 
done in the intertrochanteric area. As a general 
rule it is best to begin with an osteotomy at right 
angles (90°) to the long axis of the bone, since this 
facilitates any rotational correction, and makes 
the calculation of the angular corrections easier. 
Thus, at the level of the lesser trochanter draw 
a line at 90° to the anatomical axis of the femur 
(Fig. 2.4-8). We need to carry out a 30° valgus 


osteotomy to correct the deformity. In the 
proximal femur a valgus correction requires the 
resection of a closing wedge with its base along 
the lateral cortex. Experience has shown that, 
up to 30°, the wedge can be cut from the distal 
fragment alone. If the desired correction 
exceeds 30°, the amount exceeding the 30° 
should be cut from the proximal fragment. 
Thus, if one were doing a 50° valgus osteotomy, 
30° would be cut from the distal fragment and 
20° from the proximal. The size of the wedge 
in width as compared to the diameter of the 
bone affects both the length of the leg and the 
stability of the reduction. Thus, the greater the 
wedge, the greater will be the loss of length and 
the greater will be the stability of the reduced 
fragments. One must strive for a compro- 
mise between leg length and stability. Thus, 
one should strive to cut a wedge which is just 
slightly greater than half of the diameter of the 
bone. This wedge is now marked in. Its base is 
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Make a tracing which shows the two frag- 
ments (Fig. 2.4-11) reduced. Take templates (Fig. 
2.4-12) of the angled blade plates and see which 
angled blade plate fits best. We can readily see 


Eo that the 120° angled blade plate, also referred 
to as the repositioning plate, fits best because 
i \ ae | its blade lines up along the anatomical axis of 


the neck and the plate lines up along the lateral 
cortex of the shaft. Many surgeons are tempted 
Fig. 2.4-9 to use the DHS to carry out these corrections 
because of their familiarity with the implant. 
The 135° angle of the DHS, and more impor- 
tantly its design, would lead to a medialization 
of the distal fragment with a resultant valgus 


Fig. 2.4-10 


the lateral cortex and its apex subtends an angle 
of 30° with the line drawn at 90° to the long 
axis of the femur. 

The next steps consist of tracing out the 
proximal and distal fragments. This will give us 
Fig. 2.4-9 of the proximal fragment and Fig. 2.4-10 
of the distal fragment. Take these tracings and 
line them up on the tracing of the normal side. 
Make sure that the anatomical axes of the two 
distal fragments overlap. This will ensure that 
the anatomical axis of the distal fragment is 
restored to its normal distance from the weight- 
bearing axis, which is the imaginary line going 
through the center of the femoral head and the 
middle of the knee and ankle joints. This is 
important if one wishes to make certain that no 
abnormal varus or valgus loading of the knee 
takes place. 


Fig. 2.4-12 
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load on the knee. In a valgus osteotomy of the 
proximal femur, in order to restore the normal 
relationship of the distal fragments to the 
weight-bearing axis, it is generally necessary to 
lateralize the distal fragment which is impos- 
sible to achieve with the DHS. Mark in the 120° 
angled blade plate (Fig. 2.4-13). 

Take the tracing with the outline of the 
malunion and overlap it with the tracing with 
the outline of the desired end result. Line up 
first the head and neck fragment and mark in 
the position of the angled blade plate in the 
neck and note carefully where it enters the 
greater trochanter in relationship to the rough 
line which marks the boundary between the 
tendons of the gluteus medius and vastus 
lateralis. This point of entry is called the 
window. Also note the distance between the 
window and the osteotomy (Fig. 2.4-14). The 


distance must not be less than 1.5-2 cm or one 
runs the risk of fracture of the lateral cortex of 
the proximal fragment. This would be a very 
grave complication, since it would lead to loss 
of fixation and loosening of the blade in the 
proximal fragment. Mark in the osteotomy and 
the wedge to be resected. Measure the distance 
between the window and the rough line, the 
distance between the osteotomy and the rough 
line, the height of the wedge, and the distance 
where the wedge intersects the horizontal 
osteotomy line. These distances will serve for 
intraoperative references and guides. 

One is now ready to mark in the guide wires 
and the operative steps (Fig. 2.4-15). Mark in 
guide wire K1. This is the guide wire which is 
positioned along the anterior inferior aspect of 
the femoral neck and serves to indicate the 
anteversion of the neck and the inclination of 
the neck axis. 
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Next mark in K2. This guide wire is inserted 
at 90° to the anatomical axis of the distal frag- 
ment at a point sufficiently far removed from 
the osteotomy not to interfere with surgery. It 
serves as the reference K-wire for any angular 
corrections. 

Next draw in K3. This will serve as the guide 
to the insertion of the seating chisel and sub- 
sequently the blade plate into the neck. The 
angle it subtends with its reference wire (K2) 
is determined by the implant one is going to use 
and the angular correction which is to be 
executed. If we were going to use a 90° angled 
blade plate to achieve a 30° valgus osteotomy, 
K3 would be inserted at 30° to K2. We are going 
to use, however, a 120° angled blade plate. 
Therefore, the angled blade plate must be 
inserted with its blade parallel to the reference 
guide wire K2 (120 — 90 = 30). This will ensure 


that once the side plate is brought in line with 
the distal fragment, the proximal fragment will 
be rotated into valgus through an arc of 30°. K3 
must also be inserted parallel to the axis of the 
femoral neck. Therefore, it must be inserted 
parallel to KI. Thus, K3 must be inserted in 
such a way that it is parallel to K2, when seen 
from the front and to K1 when seen from the side. 

K4 and K5 are two guide wires which should 
be inserted parallel to one another, at 90° to the 
long axis of the bone in the sagittal plane, and 
one on each side of the osteotomy. They serve 
as rotational guides (Fig. 2.4-16). The practice of 
notching the cortex with an osteotome at the 
osteotomy or marking it with electro-cautery is 
a very imprecise guide to rotation because the 
marks are easily lost. K4 and K5 can also serve 
as guides to correction in the sagittal plane. This 
becomes important if one is going to do a flexion 
or an extension osteotomy. As we are going to 
do only a valgus osteotomy, K4 and K5 will 
serve only as guides to the correct rotational 
alignment of the fragments after the osteotomy 
is completed. Since they are inserted parallel to 
one another they must remain parallel. Any 
rotation about the anatomical axis would be 
reflected by an angle developing between these 
two guide wires. This fact can be used, of course, 
in doing a rotational correction. Under these 
circumstances K4 and K5 would serve as guides 
to the rotational correction. K6 is a K-wire 
inserted at an angle of 30° to K2 and distal to it. 
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Note the position of the window in the 
lateral cortex of the greater trochanter and the 
position of the seating chisel (Fig. 2.4-17), which 
assumes the same position in the neck as the 
blade of the angled blade plate. 

One is now ready to mark in the operative 
steps on the plan in their sequential order 
(Fig. 2.4-18). 


Step 12 
<< 


Step 1: Exposure 

Standard anterolateral exposure. An anterior 
capsulotomy is done to expose the neck and to 
determine its axis. The vastus lateralis is re- 
flected forwards together with the inferior 
capsule and the first perforating vessles are 
ligated and cut. 
Step 2: K1 

Insert this K-wire anteroinferiorly parallel to 
the neck axis in both planes. 
Step 3: K2 

Insert this K-wire at 90° to the anatomical 
axis of the shaft. It serves as the reference for 
angular corrections. 
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Step 4: K3 

Insert this K-wire into the greater trochanter 
above the window and parallel to K1 and at 
such an inclination to K2 that the desired 
angular correction will be achieved when the 
angled blade plate is inserted and the osteotomy 
cut. In this case parallel to K2 and in line with 
the axis of the neck. 
Step 5: K4 and K5 

Insert these two K-wires in the sagittal plane 
so that they come to lie parallel to one another 
and one above and the other below the planned 
osteotomy. They will serve as the rotational 
control. 
Step 6: Prepare the window 

Drill three 4.5 mm holes parallel to K3 and 
to a depth of 3—4 cm in the area determined to 
be the window in the greater trochanter. 
Enlarge the holes with a router and join them 
with an osteotome. Bevel the caudal cortex to 
receive the shoulder of the angled blade plate. 
Step 7: Insertion of seating chisel 

Insert the seating chisel parallel to K3. Make 
sure that its guide is parallel to the long axis of 
the femur. Any angulation between the seating 
chisel guide and the long axis of the femur will 
result in either a flexion or an extension of the 
proximal fragment. One makes use of this fact 
if a flexion or an extension of the proximal 
fragment is desired. 
Step 8: Intraoperative x-ray 

Take an intraoperative x-ray or use an image 
intensifier to check the position of the seating 
chisel in the proximal fragment in both planes 
(AP and lateral). To get an intraoperative lateral 
view of the neck flex the hip to 90° and abduct 
the leg 20°. Take an AP x-ray. This will give you 
a perfect lateral projection of the femoral neck 
with the implant in situ. 


Step 9: Back out the seating chisel about 1 cm 

This loosens the seating chisel and makes its 
extraction much easier once the osteotomy is 
cut. If the seating chisel is not loosened before 
the osteotomy is cut, it becomes extremely 
difficicult to extract it. 
Step 10: Cut osteotomy 

Cut the transverse osteotomy parallel to K2 
and at 90° to the long axis of the shaft. 
Step 11: K6 

This K-wire will serve as the guide for the 
cutting of the 30° wedge. It is inserted at 30° 
to K2 and distal to it so as not to interfere with 
the cutting of the wedge. 
Step 12: Remove seating chisel 

Remove the seating chisel and insert the 
120° angled blade plate of predetermined length. 
It should be pushed in by hand with its handle 
parallel to K3. Do not hammer it in. If the seat 
has been properly cut with the seating chisel, 
the blade should slide in under pressure with- 
out the need to hammer it in. Hammering could 
easily change its course and result in a major 
malalignment. 
Step 13: Cut wedge 

Cut the 30° wedge. Make sure that before 
the wedge is cut the distal fragment is in proper 
rotational alignment with respect to the prox- 
imal fragment. Cut the wedge so that equal 
amounts are resected from the anterior and 
posterior portions of the lateral cortex. If the 
wedge is not properly centered, a rotational 
malalignment can result. 
Step 14: Reduce osteotomy 

Check the rotational alignment. Clamp the 
plate to the distal fragment with a Verbriigge 
clamp. Flex the hip to 90° and check the rota- 
tional alignment by noting the internal and 
external rotation of the hip. 
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Step 15: Compress osteotomy 
a) This can be done with the help of a 
tension device. The obliquity of the 
osteotomy makes compression difficult 
because the distal fragment has a 
tendeny to displace medially and 
proximally as compression is generated. 
b) An easy way to overcome this difficulty 

is to allow the distal fragment to displace 
slightly proximally and medially. One 
then fixes the plate to the shaft with the 
most distal screw. As the rest of the 
screws are inserted, working in a distal 
to proximal direction, the oblique 
osteotomy is brought under compression. 

Step 16: Bone graft 

Cut the wedge into small pieces and bone 

graft the osteotomy medially opposite the plate 

(Fig. 2.4-19). 

Step 17: Closure 


Fig. 2.4-19: Drawing of intended final result. 
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9 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/24.htm 
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1 Displacement of 
fragments, deformation 
(impaction) of bone 


A diaphyseal fracture usually separates the 
bone into two main fragments—proximal and 
distal—with their adjacent joints. There are six 
ways in which these main fragments can dis- 
place in relation to each other: three pairs of 
displacements and three rotations along and 
around the x-, y-, and z-axes (Fig. 3.1-1). 

Regardless of whether the fracture between 
these main fragments is simple, or multifrag- 
mentary, segmental, or showing even bone loss, 
the aim of reduction in the diaphyseal bone 
is to reposition the epiphyses into correct 
relationship to each other. This means re- 
storing the bone length, the bone axis in both 
planes, and the rotation (Fig. 3.1-2). 

The degree of fragmentation in any fracture 
depends exclusively upon the velocity of impact 
and the magnitude of forces and moments by 
which the bone was loaded. The degree and 
direction of displacement reflect the vectors of 
such external forces and moments, and the pull 
of the muscles that remained attached. 


Surgical reduction 


In young diaphyseal bone, plastic deforma- 
tion can occur without complete discontinuity 
of the cortex. In the epiphyseal zones, defor- 
mation of the outer shape and inner structure 
can occur due to impaction of cancellous bone. 

Displacement in diaphyseal and metaphyseal 
bone can readily be detected with conventional 
x-rays taken in at least two planes (antero- 
posterior and lateral). In the metaphysis and 
epiphysis, oblique views, often supplemented 
by conventional or computed tomography, may 
be needed to allow complete analysis of deforma- 
tion, fragmentation, impaction, and fragment 
displacement. 

Careful analysis of the site and extent of 
bone deformation as well as of the direction and 
degree of displacement is critical in the process 
of making the choice between the different 
treatment options. Furthermore, it is the basis 
for the selection of the best approach, reduction 
technique, and the most effective implant or 
fixation device. 


The aim of reduction is correct 
alignment of adjacent joints. 
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Fig. 3.1-1: Translational and rotational displacement. 
a/b) Displacement can occur along the three axes of the 
3-D space, the x-, y-, and z-axis. Displacements along the 
z-axis are anterior or posterior (díslocatio ad latus), along 
the x-axis medial or lateral (dislocatio ad latus), and 
along the y-axis shortening or lengthening (islocatio ad 
longitudinem). 
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Fig. 3.1-2: Fracture zone and reduction. 

The fracture zone is like a box, whose content is of major 
importance with regard to the primary aim of reduction. 
After reduction, the proximal and the distal main fragments 
should be relocated into their correct former positions in 
the 3-D space. 


e) 


c) Rotational displacement occurs around the y- axis. 
d/e) Angular displacement from the y-axis (in the 
transverse plane) is called internal or external angular 
malalignment (dislocatio ad peripheriam). From the y- 
axis or in the frontal plane it is called an axial malalign- 
ment in abduction or adduction (dislocatio ad axim) and 
around the x-axis or in the sagittal plane it is an axial 
malalignment in flexion or extension. 


2 Fracture reduction 


Reduction is the act of restoring the correct 
position of the fragments, including the process 
of reconstruction of cancellous bone by dis- 
impaction. Thus, it reverses the process which 
created the fracture displacement during the 
injury. Logically, it calls for forces and moments 
in directions opposite to those which produced 
the fracture. Preliminary analysis of the dis- 
placement and deformation helps to plan the 
tactical steps needed to achieve this goal [1]. 
This holds true for all methods, be they operative 
or non-operative, or closed or open (Fig. 3.1-3). 
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Fig.3.1-3: Closed reduction. 

a) Distal radius fracture with shortening, posterior 
displacement and dorsal angulation. The intact periosteum 
on the dorsal side may act as an obstruction to reduction 
by traction, because the fragments are interlocked. 

b) The first step to reduce this fracture consists in disen- 
gaging of the bone ends by extension of the wrist and 
dorsally angulated traction to relax the soft-tissue hinge. 


2.1 Aim of reduction 


In the diaphysis and metaphysis, the correct 
alignment of the two main fragments carrying 
the joint surfaces is important. The aim is to 
restore, as precisely as possible, the overall 
length of the bone, as well as the axial and 
rotational alignments. 

In the articular segment, to avoid post- 
traumatic osteoarthrosis [1-3], anatomical 
reduction of the joint surface, with elevation 
of the impacted areas, is mandatory. Ideally 
no residual displacement should be tolerated. 
However, a widely accepted convention defines 
as acceptable any reduction in which residual 
displacement is less then half the thickness of 
the articular cartilage. Occasionally during sur- 
gery the problem may come up that a better 
reduction of a given joint cannot be achieved 
without additional risks like the need for a 


©) Under dorsal traction the distal fragment is pushed 
(arrow) into its correct position, with the dorsal fragment 
ends reduced into contact. 

d) With a flexion force and continuing push the distal 
fragment will realign. 


second surgical approach with prolongation of 
the operation (“le mieux est l'ennemi du bien”). 
Sometimes a less than perfect reduction has to 
be accepted for the sake of respecting biology. 
Thus, there is a need for flexibility and for 
having a variety of surgical tactics and 
reduction and fixation techniques at hand. 


2.2 Reduction techniques 


Reduction techniques must be gentle and 
atraumatic. They must preserve any remain- 
ing vascularity, since an adequate tissue response 
is a prerequisite for healing. Adequate blood 
supply to the repair tissues is crucial. Bone 
healing will be delayed or come to a stop if one 
or both of the following factors are impaired: 
the mechanical conditions at the fracture (strain) 
and the capacity for biological reaction [4-9]. 


Fracture reduction requires a 
variety of techniques and 
flexibility of approach. 


In joints anatomical reduction 
is mandatory! 


Reduction techniques must be 
gentle and atraumatic. 
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With indirect reduction the 
fracture is not exposed. 


Indirect reduction is demanding 
and requires careful planning. 


In simple shaft fractures direct 
reduction is acceptable. 


Repeated use of reduction 
clamps endangers the vitality 
of bone fragments. 


The accuracy of reduction at the joint level 
and the stability achieved by implants are the 
mechanical prerequisites for the biological re- 
sponse, i.e., type of healing. The healing process 
in turn is modulated by the additional surgical 
damage (exposure and implants) to the bone 
and surrounding soft-tissue envelope during 
the process of reduction and fixation. 

There are two fundamentally different tech- 
niques for fracture reduction: direct or indirect. 

The term direct reduction implies that the 
fracture area is exposed surgically or is already 
widely open. The fragments are grasped by 
surgical instruments and preferably not by hand. 
Reduction of the fracture fragments is achieved 
by applying forces and moments directed to the 
vicinity of the fracture zone. 

In simple diaphyseal fracture patterns, 
direct reduction is technically straight- 
forward and the result easy to control. 
With the exact local approximation of the two 
main fragments, length, axial, and rotational 
alignment of the bone itself are re-established. 
Biologically, in such easy fracture situations the 
surgical exposure should not add substantial 
vascular damage to the bone or soft tissues. How- 
ever, this is only true if surgery is done carefully, 
with meticulous soft-tissue handling, and with 
limited, epiperiosteal exposure of the bone. 

In more complex diaphyseal fractures the 
classical approach of direct reduction techniques 
may induce misguided attempts to expose and 
fix each individual fragment. In doing so the sur- 
geon sequentially devascularizes every fragment. 
The repeated use of bone clamps and other 
reduction tools or implants may completely 
devitalize the fragments in the commi- 
nuted area, which may have disastrous 
consequences for the healing process, inclu- 
ding delayed union, non-union, infection, 
or implant failure. Thus, only by understand- 


ing bone and soft-tissue biology and knowing 
the bad results after excessive devascularization, 
can the surgeon avoid failures after open reduc- 
tion and internal fixation [10]. 

The term indirect reduction implies that 
the fracture lines are not directly exposed 
and seen, and that the fracture area remains 
covered by the surrounding soft tissues. 
Reduction is accomplished by using instruments 
or implants introduced away from the fracture 
zone, or through minimal incisions. Some spe- 
cific implants, like the intramedullary nail, act 
simultaneously as a reduction tool and as a 
stabilization system. 

In practice, correct reduction by indirect 
techniques is much more difficult to achieve. It 
requires accurate assessment of the soft- 
tissue lesion, understanding of the fracture 
pattern, and meticulous preoperative plan- 
ning. Furthermore, the actual process of reduc- 
tion is more demanding and necessitates the use 
of an image intensifier or intraoperative x-ray. 
Nevertheless, in biological terms, indirect reduc- 
tion techniques offer enormous advantages 
because they add minimal surgical damage to 
tissues already traumatized by the fracture. All 
the instruments needed for reduction act away 
from the fracture zone, compromising the tissue 
perfusion only in an area where trauma has not 
already disturbed the blood supply. 

Most of the available instruments or im- 
plants can be used in either technique of frac- 
ture reduction and the surgeon’s success in 
preserving the biology of the tissues is not depen- 
dant on the specific instrument or implant used 
for the reduction. A presumably indirect tech- 
nique which deviates into direct exposure of the 
fracture may not be detectable on the post- 
operative x-ray and may never be mentioned 
in the operation record; it may, however, end 
in disaster! 
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To achieve reduction, traction is nor- 
mally applied in the long axis of the limb. 
This works only when the fragments are still 
connected to some soft tissues (Video A020163). 
Traction may be applied manually, through a 
fracture table, or by the use of a distractor. The 
fracture table has the disadvantage that traction 
must be applied across at least one joint. The 
limb can not be moved by the surgeons and the 
surgical approach is frequently compromised. 
The distractor, applied directly to the main 
fragments, permits maneuvering of the limb 
during surgery. With the distractor under load, 
angular or rotational corrections are difficult 
and the construct may be cumbersome. As there 
is an inherent tendency for curved bone to 
straighten during the distraction procedure, the 
eccentric force produced by the unilaterally 
mounted distractor may produce additional 
deformity. 


oe" Video AO20163 


2.3 Instruments for reduction 


2.3.1 Standard and pointed 


reduction forceps 


The standard reduction forceps is typically an 
instrument used for direct fracture reduction. 
The fracture lines are exposed and the forceps 
are placed on each main fragment. In an oblique 
diaphyseal fracture, lengthening can be obtained 
with a rotational movement of the clamp while 
exerting some compression. The advantage of 
this technique is the ability to see that the desired 
reduction has been achieved. The disadvantage 
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Some form of traction is best 
for indirect reduction. 


Fig. 3.1-4: 
Direct reduction with standard reduction forceps. 

One branch of the clamp is positioned on each main 
fragment. With some pressure and simultaneous rotation 
of the handles the bone is lengthened and the fragments 
are reduced. 
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The pointed reduction forceps 
tends to be more gentle to the 
periosteum. 


is the tendency of the forceps to slip on the bone 
surface, further damaging the periosteal envelope 
(Fig. 3.1-4). 

The clamp is also useful when, for example, 
a femoral shaft fracture is plated and a residual 


Fig. 3.1-5: Correction of axial malalignment. 
a) Simple distraction of a femoral shaft fracture results in 
straightening of the femur, but with loss of its anterior bow. 
b) To correct this deformity, the plate is first fixed to one 
main fragment with two screws, then a reduction forceps 
holds the plate in position on the other fragment. Axial 
alignment is achieved by means of compression with a 
standard reduction forceps holding the femoral shaft 
anteriorly and the plate posteriorly (arrow). 

c) Reduction is provisionally secured by tightening the 
reduction forceps and correct rotational alignment is 
tested clinically. 


axial malalignment in the sagittal plane (flexion- 
extension) requires correction. With the plate 
applied and fixed to one fragment and with the 
fracture grossly aligned, one limb of the clamp 
grasps the bone (anterior or posterior) while the 
other limb engages on the border of the plate. 
By closing the clamp, such a flexion or extension 
malalignment is easily corrected (Fig. 3.1-5). 

The pointed reduction forceps may be 
used for direct and indirect reduction as it 
is more gentle to the periosteal sleeve. 

One application consists in grasping each of 
the two main fragments of a transverse fracture 
with reduction forceps (Video AO20194a). Re- 
duction can be achieved by manual distraction, 
and in case of a simple fracture configuration, 
primary intrinsic stability ensues, allowing re- 
moval of the clamps without loss of reduction 
(Fig. 3.1-6). 


Fig. 3.1-6: Direct manual reduction with the pointed 
reduction forceps. 

a) Each main fragment is held with a pointed reduction 
forceps. 

b) Lengthening is achieved by manual distraction while 
proper axial alignment can be controlled with the forceps. 


Ti Video AO20194a 


In case of an oblique fracture plane needing 
some lengthening, the pointed reduction forceps 
engages on the main fragments on each side, 
with a slight tilt of the forceps. By combining 
compression with a rotational movement of the 
clamp, correction of length can be obtained 
(Video AO20194b). To keep the fragments re- 
duced, the first forceps has often to be replaced 


b) 


a Video A020194b 


by a second one perpendicular to the fracture 
plane (Fig. 3.1-7). 

For “closed” indirect reduction, for example, 
in the tibia, one or both points of this forceps 
can be inserted percutaneously through stab 
incisions. Depending on the size of the bone 
and the fragments to be reduced, a small or large 
pointed reduction forceps is utilized (Fig. 3.1-8). 


Fig. 3.1-7: Direct reduction of an oblique diaphyseal fracture. 

a) Both fragments are held with the slightly tilted pointed reduction forceps. 

b) By gently rotating and compressing the forceps the bone is lengthened and the fracture reduced. 

c) To secure the reduction, a second forceps in a position more or less perpendicular to the fracture plane is applied. 
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Fig. 3.1-8: Indirect reduction with a pointed reduction forceps. 

a) Example of a comminuted fracture of the tibial plateau. 

b) Gross restoration of axial alignment and length can be achieved with 
traction by means of the femoral distractor or an external fixator across 
the knee joint. Ligamentotaxis leads to some reduction of the articular 
fragments. 

c) The position of the articular fragments can be improved by a point- 
focal reduction with a large pointed reduction forceps grasping the 
medial and lateral fragments through small stab incision. 


2.3.2 Special reduction clamps oe" Video AO20194c 


The Farabeuf clamp is designed to grasp screw 
heads introduced on either side of a fracture line 
(3.5 or 4.5 mm screws) (Fig. 3.1-9). Manipulation 
of the clamp allows one to apply compression 
and also permits limited lateral displacement in 
two different planes (Video AO20194c). However, 
distraction of the fracture gap is not possible. 
Nevertheless, this can be done with the pelvic 
reduction forceps (Jungbluth clamp), which is 
actually fixed on both fragments with a 4.5 mm 
cortex screw, allowing the fragments to be 
moved and reduced in three planes (distraction 
and compression, as well as lateral displacement 
in two planes) (Fig. 3.1-10) (Video AO20194d). 


aoe: Video AO20194d 
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Fig. 3.1-9: 

The Farabeuf clamp is mainly used for fracture 
reduction in the area of the iliac crest. It is 
anchored on both sides of the fracture with 
either 3.5 or 4.5 mm cortex screws. Distraction of 
the fracture is not possible using this technique. 
The clamp helps only to reduce side-to-side 
displacement and to close a fracture gap. 


Fig. 3.1-10: 
The pelvic reduction forceps (Jungbluth clamp) is 


fixed to the fragments with 4.5 mm cortex screws. 


This firm connection allows translational and 
reduction movements in all three planes. 


2.3.3 Other instruments useful for 
reduction 


In cortical bone, the small-tipped Hohmann 
retractor can be used as a lever or pusher to 
achieve reduction. The tip of the retractor is 
placed between the two cortices of a diaphyseal 
fracture. It is then turned through 180° to 
engage the cortex of the opposite fragment. 
With a bending force applied by the Hohmann 
retractor, the two cortices can be both opposed 
and realigned, allowing gentle reduction of 
the fracture. Another turn of the retractor is 
commonly needed to remove it [1] (Fig. 3.1-11) 
(Video AO20194e). 

A further application of the Hohmann re- 
tractor is to reduce a translational displacement 
in the cancellous bone of an iliac wing fracture. 
First the tip of the Hohmann is lightly hammered 
into the bone. Then it is turned and, with some 
hammer blows, reduction can be achieved with 


T Video AO20194e 
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a bending force (Fig. 3.1-12) (Video AO20194f). 
This maneuver usually produces a small zone 
of impaction on the thin cortex of the fragment 
pushed down. 

Fracture reduction in one direction can be 
carried out by instruments designed to push or 
pull. Using the ball spike, fragments can be pushed 
firmly into the right position (Video AO20194g). 
The bone impactor, used from within, serves to 
disimpact compressed fragments of an articular 


a) 


Fig. 3.1-11: In cortical bone the tip of the Hohmann 
retractor is placed between the two fragments. By turning 
and bending the retractor handle the fragments can be 


disengaged and reduced. Another turn is usually required 
to remove the Hohmann retractor. aoe: Video AO20194g 
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surface. The sharp hook (dental) or the regular 
bone hook can, with gentle traction, facilitate 
reduction of a fragment. 


2.4 Implants used for 
reduction 


Ideally an implant should contribute to the 
reduction as well as the stabilization of a 
fracture. Reduction may be obtained with 
an implant through interference with the 
bone. A simple example of this is the reduction 
achieved by an anatomically shaped intra- 
medullary nail. As the nail crosses the fracture 
from one fragment to the other, reduction in 
the coronal and sagittal planes must occur. 

In multifragment shaft fractures some length- 
ening can be obtained after distal interlocking 
by hammering the nail further distally. How- 
ever, precise planning is needed with measure- 


Fig. 3.1-12: Hohmann retractor for 
reduction in cancellous bone. By 
placing the slightly curved tip of a 
Hohmann retractor between two 
overlapping fragments and then 
turning and tilting the retractor the 
fracture may be reduced and 
brought to interdigitate. A pre- 
condition is a solid layer of bone. 


(9) 


ment of the correct nail length on an x-ray of 
the entire opposite bone [1]. 

In plating any relatively straight portion of 
the diaphysis, it may be reduced by a plate 
which acts as a splint to restore alignment 
(Video AO20194h). By distracting the fracture 


a Video A020194h 


The ideal implant reduces and 
stabilizes the fracture as well. 
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Fig. 3.1-13: Push-pull technique. 

a) The laminar spreader, placed between the end of a 
plate and an independent screw, can be used to distract 
the fracture. 

b) Using the same screw, interfragmentary compression 
is achieved with the small reduction forceps. 


oe" Video AO20194i 


the tension in the soft tissues is increased, 
which tends to realign the fragments to their 
original position. The push-pull technique with 
a laminar spreader and the reduction forceps 
is an elegant and regularly used way to distract 
and reduce a fracture, for example, of the fore- 
arm [1] (Fig. 3.1-13) (Video AO20194i). 

Another simple and gentle reduction mecha- 
nism uses the plate in an antiglide function [11]. 
Applying a properly contoured plate to one 
fragment of an oblique metaphyseal fracture 
results in displacing the opposite fragment and 
automatically reducing it. This technique cor- 
rects small displacements and angulation while 
maintaining stability as the reduction occurs 
(Fig. 3.1-14) (Video AO20194)j). 

An angled blade plate, when correctly in- 
serted in the epi-metaphyseal segment of the 
bone, will, by its shape, bring the diaphyseal 
segment into anatomical alignment. The blade 
of the plate is first inserted into the proximal or 
distal fragment. Then the shaft is reduced to the 
side-plate using the reduction forceps to hold 
the two together. Fine tuning of the reduction 


jao Video AO20194j 
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Fig. 3.1-14: Indirect reduction 
with a plate functioning in antiglide 
mode. 

a) Posteriorly displaced fracture 
(type B) of the distal fibula. 

b) Fixation of a 4-hole or 5-hole 
one-third tubular plate posteriorly 
onto the proximal fragment. 

c) Tightening the screw forces the 
distal fragment to glide down the 
oblique fracture plane into correct 
position. 


Fig. 3.1-15: Reduction with the aid of the condylar plate. 

a) Displacement of the fracture with the proximal fragment in adduction and flexion. 

b) Introduction of the condylar plate 95° and distraction of the fracture with the large distractor. 
c) Provisional fixation with a reduction forceps distally. 

d) Use of the tension device to distract the fracture and to allow complete reduction proximally. 
e) Use of the tension device for interfragmentary compression. 
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is achieved by the push-pull technique using insertion, which is, however, technically much 
the articulated tension device [1, 2] (Fig. 3.1-15) | more demanding. After preparation of the blade 
(Video AO20194k). The same principles have seating canal, the plate is first inserted into the 
recently been described for submuscular plate submuscular tunnel along the femoral shaft 


Fig. 3.1-16: Minimal access plating with the condylar plate 95°. 

a) Submuscular introduction of the long side plate (blade facing laterally) through a short proximal incision after 
preparation of the blade canal with the seating chisel. 

b) After turning the condylar plate, the direction of the blade and the blade canal do not meet. 

c) The proximal fragment must be brought into proper alignment to the blade using a Schanz screw as joystick. 
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with its blade pointing laterally. The plate is 
then turned through 180°, resulting in the 
blade now facing the bone. To insert the blade 
the metaphyseal fragment must now be manip- 
ulated with the aid of a joystick to align the blade 
canal to the blade (Fig. 3.1-16) (Video AO201941). 
Length and axis are re-established with longi- 
tudinal traction (femoral distractor or push-pull 
technique). 


2.4.1 Joystick reduction 


The insertion of threaded K-wires or Schanz nee! Video AO20194m 
screws allows manipulation of bone fragment 

with or without a direct view. The technique 

is mainly used in articular fractures (distal 

radius, proximal humerus, acetabulum) [3, 12] 

(Video AO20194m). 


2.4.2 Temporary cerclage 


A temporary cerclage can be helpful in reducing 

a multifragmentary (mainly butterfly fragment) 

fracture in the diaphysis. The technique has the 

disadvantage of temporary circumferential 

denuding of the bone during the application of 

the wire [2], which is why only one wire should qi Video A020194n 
be used (Video AO20194n). 


2.4.3 Kapandji reduction 


With a K-wire introduced through the fracture 
line, the distal fragment of a distal radial frac- 
ture can be distracted and rotated similarly to 
the Hohmann technique (Video AO201940). 
Definitive stabilization is achieved by inserting 
the K-wire into the opposite cortex of the 
radius. 


T Video AO201940 
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Intraopertive controlling of 
reduction and fixation is 
mandatory. 


2.4.4 External fixator 


The external fixator can be used for indirect 
reduction, but gentle lengthening is more dif- 
ficult than with the distractor. By applying 
traction across a joint, ligaments and soft tissues 
around the fracture area can assist in achieving 
reduction (ligamentotaxis, soft-tissue taxis) [2]. 


2.5 Assessment of 
reduction 


Once reduction of a fracture is performed 
by either direct or indirect techniques, it 
must be checked. There are various ways to 
do so, including direct vision, palpation (digital 
or instrumental), clinical observation, x-ray or 
image intensifier, indirect vision using an arthro- 
scope or an endoscope, or a computer-guided 
or computer-assisted system. Some of these 
techniques are more reliable than others; much, 
however, depends on their availability. 

The small indentations or landmarks present 
in every fracture line must be observed if the 
fracture focus is visible (puzzle technique). 
When a fracture surface cannot be directly seen, 
but can be reached with a gentle fingertip, 
palpation may be helpful, for example, of the 
quadrilateral surface in the pelvis to control 
reduction of an acetabular fracture. This can also 
be performed with an appropriate instrument 
to evaluate the accuracy of reduction of an 
articular surface, for example, in a tibia plateau 
fracture. 

Clinical judgement of reduction and rota- 
tional alignment may be difficult and unreliable. 
It is, however, frequently needed especially in 
closed intramedually nailing. Several methods 
are described in chapter 3.3.1. 


When they are available, intraoperative 
assessment of the fracture reduction and fixa- 
tion must be done by fluoroscopy or x-rays in 
two planes. In articular fractures the use of 
arthroscopy has been described to assist or check 
reduction (e.g., tibia plateau). However, the 
technique needs considerable experience and a 
rigid aseptic technique. 


2.5.1 Computer-assisted 


reduction control 


Newest developments include the use of com- 
puter-guided systems for the placement of 
instruments and implants or localization of 
bone fragments in the 3-D space. Such systems 
are based on direct intraoperative imaging with 
an image intensifier or on a preoperative CT 
scan. Anatomical landmarks on the proximal 
and distal side of a fracture area can serve for 
the calculation of residual displacement (trans- 
lational or rotational) using specific mathe- 
matical algorithms. In the future, at least semi- 
automated reduction of long bone fractures can 
be envisaged [13]. 
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4 Updates 


Updates and additional references for this chapter 


are available online at: 
http://www.aopublishing.org/PFxM/31-htm 
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Lag screw 


Stephan M. Perren, Robert Frigg, 
Markus Hehli, Slobodan Tepic 


1 General aspects 


A screw is a very efficient tool for fixation of a 
fracture by interfragmentary compression or for 
fixing a splinting device such as a plate, nail, or 
fixator to bone. To exploit its possibilities to the 
full, it is recommended that the special charac- 
teristics of the screw are carefully studied and 
kept in mind during application. Biological 
advantages must be weighed against mechani- 
cal ones. First, we shall focus on the mechanical 
properties in general [1]. The biological aspects, 
which are even more important, are dealt with 
in the individual applications. 


1.75 mm 


The axial force produced by a screw results 
from rotating the screw clockwise so that the 
inclined surfaces of its threads glide along a 
corresponding surface of the bone. The incli- 
nation of the thread must be small enough to 
provide “self-locking” of the screw, i.e., to 
prevent the screw from turning and becoming 
loose (Fig. 3.2.1-1). On the other hand, it must 
be large enough to allow full insertion with an 
acceptably low number of revolutions, some- 
thing which also provides more familiar feed- 
back to the surgeon’s hand [2]. 


Fig. 3.2.1-1: Schematic drawing of a 
standard cortical bone screw, as used in 
diaphyseal bone. 

(A) The undersurface of the screw head 
is spherical, allowing a congruent fit to 
be maintained while tilting the screw, 
e.g., within a plate hole. The thread is 
asymmetrical. The dimensions shown are 
designed to offer a good relation 
between axial force and torque applied 
(B) and these dimensions result in an 
inclination of the thread which is self- 
locking (C). The screw corresponds to 
the ISO standard 5835. 
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A single interfragmentary lag 
screw does not prevent 
rotation between two 
fragments. 


Two force components are active, namely 
one along the circumference of the thread, and one 
along the axis of the screw. The first results from 
the torque of tightening, the second produces 
axial tension. Of the torque applied during 
tightening, only about 40% is used for transforma- 
tion into axial force; 50% is used to overcome 
friction at the screw head interface, and about 
10% to overcome friction of the thread. This 
explains why, for instance, during bench test- 


ing, a plate screw can be tightened to nearly 
twice the torque that an isolated screw will 
tolerate. The relation between torque applied 
and axial force induced is about 6.7 kg/kg-cm 
for a standard 4.5 mm cortex screw [3]. 

The compression applied by a screw affects 
a comparatively small area of the bone by 
which it is surrounded. Therefore, a single 
screw compressing an oblique fracture 
does not very effectively counteract rota- 
tion of the bone fragments around the axis 
of that screw. The leverage of the compression 
induced around the screw is small. Similarly, a 
single screw applied to a flat surface is not very 
resistant to torque between two osteotomy 
fragments. Such situations require a second 
screw well apart from the first one. The lever- 
age then corresponds to the distance between 
the screws plus twice the leverage of the single 
screw (Fig. 3.2.1-2). 


Fig. 3.2.1-2: 

Different effects of using one or two lag screws for 
stabilization against torque in pure lag screw fixation. 

a) Model of a spiral fracture in a diaphysis. 

b) Fixation of the fracture using two lag screws. From a 
photoelastic experiment the extent of interfragmentary 
compression around a lag screw is demonstrated. The 
photoelastic pictures are superposed on the x-ray to give 
a rough idea of the distribution of compression. 

c) In this figure the area of compression around a lag 
screw, as obtained from a photo-elastic experiment, has 
been inserted into a schmatic drawing of a long oblique 
osteotomy to explain the different effect of one lag 
screw alone compared to the effect of two well spaced 
lag screws. 

S Lever arm of a single lag screw. 

D Lever arm of double lag screws. 

O Osteotomy. Instead of a spiral fracture a shallow 
oblique osteotomy is shown. The same principles 
apply for both types of fractures. 

This schematic diagram shows that whenever lag screws 
alone are used, there should be at least two well spaced 
screws. 
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1.1 Types of bone screws 


There are two basic types of bone screws 
within the AO system: the cortex and the 
cancellous bone screws. The cancellous bone 
screws have a larger outer diameter, a deeper 
thread, and a larger pitch than the cortex screws 
and have their applications in metaphyseal or 
epiphyseal bone. The cortex screws are de- 
signed for the diaphysis. 


Other screws 


In recent developments of Schanz screws, the 
threads are shallower (i.e., the thread less deep) 
in order to provide less sharp edges and have a 
larger core diameter. This provides better but- 
tressing against forces acting perpendicular to 
the long axis of the screw [4]. When applied in 
a technically correct way, self-cutting threads 
provide a good purchase. 

Newly designed screws for diaphyseal ap- 
plication of internal fixators (PC-Fix and LISS) 
may be self-drilling, self-cutting, and unicortical 
and the screw head locks in the plate hole. They 
are “locked screws”, as their inclination in rela- 
tion to the “plate” body is fixed. Locked screws 
seem to provide better anchorage [5]. They can 
also function as a fixed angle device, which is 
an advantage in metaphyseal fractures and if a 
minimally invasive technique is used [6, 7] (see 
chapters 3.3.2 and 3.4). 


1.2 Shaft screws 


The functioning of a lag screw can be best 
understood by looking at a screw which has a 
short thread and a shaft, the diameter of which 
may be either that of the core or of the thread. 
The smooth shaft usually has a diameter corre- 


sponding to the inner core of the thread. When 
applied to a tubular (diaphyseal) bone, the 
thread anchors within the far (trams) cortex and 
in the near (cis) cortex the head provides a 
buttress against axial tension (Fig. 3.2.1-3), 
whereas the shaft does not produce any axial 
force. 


1.3 Mode of application of a 
fully threaded lag screw 


A fully threaded screw can be used as a lag 
screw, provided the thread is kept from en- 
gaging within the cortex close to the screw 
head (cis cortex). This is done by drilling, within 
the cis cortex, a clearance or gliding hole of a 
diameter slightly larger than the outer diameter 


_| 6.5 mm 


Fig. 3.2.1-3: Compression of an epi-metaphyseal fracture 
using a shaft screw. 

The thread pulls the opposite bone fragment towards the 
head of the screw. The shaft of the screw does not 
transmit any great axial force between the shaft and the 
surrounding bone. The length of the screw shaft must be 
chosen so that the threaded part of the screw lies fully 
within the opposite bone fragment. To prevent the screw 
head from sinking into the thin cortex, a washer is used. 


There are two basic types of 
screws: cortex screws and 
cancellous bone screws. 
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To act as a lag screw the cortex 
screw requires a gliding hole 
in the near (cis) and a 
threaded hole in the far (trans) 
cortex. 


of the screw thread. Thus, the cortex lag 
screw is applied with a smaller pilot or 
threaded hole in the trans cortex and a 
larger clearance or gliding hole within the 
cis cortex (Fig. 3.2.1-4a) (Video AQ00099a). 
When an inclined screw thread produces axial 


Fig. 3.2.1-4: Lag screw effect using fully threaded screws. 
a) By overdrilling the bone thread in the near fragment to 
the size of the outer diameter of the screw thread, the 
threaded part of the bone screw is enabled to glide in 
relation to the bone. When this technique is used for an 
inclined screw whose head rests on a surface parallel to 
the long axis of the bone (e.g., in DCP or LC-DCP), then 
one component of the axial screw force acts along the 
long axis of the bone. It tends to shift the screw head 
towards the fracture. The screw thread within the gliding 
hole may then engage and compression is lost to a 
varying degree. This has led to the development of a 
cortex screw with a shaft corresponding to the outer 
diameter of the thread—the shaft screw (b). 


force, one component of the force tends to shift 
the screw head along the bone surface towards 
the fracture. Under such conditions the use of 
a lag screw with a shaft corresponding to the 
outer diameter of the thread (so-called shaft 
screws) may be advisable (Fig. 3.2.1-4b). Other- 
wise, the screw thread may engage within the 
gliding hole and some efficiency may be lost [8]. 
In diaphyseal bone, shaft screws or fully threaded 
screws are used because partially threaded 
cancellous bone screws are difficult to remove 
after healing (reverse cutting of the thread!). 


1.4 Screw-tightening and 
torque-limiting 
screwdrivers 


When an experienced surgeon tightens the 
screws to the degree which he considers as 
optimal and compatible with screw and/or 
bone strength, he achieves, on average, 86% of 
the thread-stripping torque [2]. In view of the 
fact that the screws produce very high amounts 


68" Video A000099a 
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of axial force, it does not make sense to tighten 
the screws to the uppermost limit. Further- 
more, when the holding force of a screw is fully 
utilized by static preload, there is limited hold- 
ing force left to counter additional functional 
load. The new self-locking screws of the 
PC-Fix and the LISS [5] lock upon tightening 
in the plate hole, and thus protect the screw 
and the bone. For these new techniques a 


Fig. 3.2.1-5: Biological loosening of a bone screw. 

a) Shows the biological reaction to a screw which does 
not move perpendicularly to the long axis of the screw. 
There is close contact between bone and adjacent screw. 
Bone remodeling proves that the absence of screw 
loosening is not due to a possible lack of biological 
reaction. 

b) Shows the appearance of the “thread” where the 
screw had been undergoing movements within a range 
of micrometers. Bone has been resorbed, and instead, 
we now find fibrous tissue that no longer provides 
holding power. 


torque-limiting screwdriver will help to prevent 
the screw heads from jamming in the conical 
holes, whether threaded or not. In other appli- 
cations where the bone density and thickness 
change from one area to another, torque-lim- 
iting screwdrivers are of little help. 


1.5 Amount and 
maintenance of 
compression 


Tests with expert surgeons [2] have shown that 
4.5 mm screws are routinely tightened to a 
torque resulting in roughly 2,000-3,000 N of 
axial compression. In vivo measurements of 
compression applied to living bone demon- 
strated that the initially applied compression 
slowly decreases over months [9] which means 
that, in general, compression outlasts the time 
required for the fracture to heal. 

In vivo, loosening of well-placed screws 
is induced by micromotion at the interface 
between thread and bone (Fig. 3.2.1-5) [10]. 
Such loosening, due to bone resorption, is seen 
with small rather than high axial forces. In 
most cases loosening is not a problem resulting 
from mechanical overload or hypothetical pres- 
sure necrosis, but rather from poor technique. 
When, however, excessive forces result in de- 
struction of the threads in bone, the overall 
stability will also be irreversibly lost. Under 
stable conditions of rigid fixation, bone re- 
sorption at the interface will not be observed. 


1.6 Modes of failure 


Screws can fail because of axial pull out, bend- 
ing forces, or both. While screws usually resist 
axial pull out rather well, most conventional 


The new self-locking screws 
(LISS and PC-Fix) protect bone 
and screw from stripping. 


Loosening of screws is induced 
by micromotion. 
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A screw should not be 
tightened to the limits of its 
strength, but to only about 2/3 
of this, to allow additional 
functional loading. 


screws are fairly weak in bending due to their 
small core diameter. Based on the understanding 
that the core diameter of a screw may be increased 
without unduly forfeiting the pull out force, the 
resistance to bending may be increased three- 
fold by only a 30% increase of the core size 
from, for example, 3.0-4.0 mm in diameter. 


1.7 Special considerations 
of screw insertion 


The following rather simplistic statements merit 
some attention in respect to practical use of 
screws. In the earlier days we considered the 
optimal torque and the maximum possible 
torque to be synonymous, i.e., as close to fail- 
ure as possible. Based on our more recent 
knowledge, we can no longer hold this view. 
Generally, a screw should not be tightened 
to the limits of strength or ductility, but to 
about 2/3 of these limits, to allow resistance 
to any additional functional loading. Here, 
again, the principle of safe application should 
guide the hand of the surgeon who should 
strive for “best” axial compression, although, 
for reasons already given, this is not the same 
as the highest axial force. 

In conventional plating, the inclination of 
the screws in relation to the long axis of the 
plate can be selected to provide optimal lag 
screw effect (Video AO00099b), or to bypass 
either an area of comminution or a fracture line 
in the cortex remote from the plate. The pur- 
chase of the screw in the remote cortex then 
locks the inclination of the screw. When uni- 
cortical screws are considered, the required 
angular stability must be provided by the spe- 
cial design of the screw head-to-plate locking 
process. A tightly fitting “Morse cone” or a 
conical thread provides this locking. We use the 


general term of “locked screw” for this type of 
construction. Locked screws are easier to apply 
and less traumatizing, but their application is 
limited to procedures with less emphasis on lag 
screw compression. Furthermore, locked 
screws are increasingly being used to replace 
the DCS or the angled blade plate in minimally 
invasive techniques. 


2 Clinical applications of 
~ lag screw 


2.1 Positioning of the screw 
in respect to the 
fracture plane 


Lag screws produce their best efficiency when 
the screw is perpendicularly oriented in relation 
to the fracture surface. As the fracture plane of, 
for example, a spiral fracture is subject not only 


Video A000099b 


3.2.1 Lag screw—S.M. Perren, R. Frigg, M. Hehli, S. Tepic 


to the compression by the screw but also to 
compression along the long axis of the bone, 
the ideal inclination is somewhat more perpen- 
dicular to the long axis of the bone (Fig. 3.2.1-6). 
This may cause the fracture to slide and so, to 
be on the safe side, the perpendicular position 
in relation to the fracture plane is in most cases 
simple to achieve and provides nearly optimal 
function of the lag screw. This inclination is, 
therefore, recommended. When several lag 
screws are used in a long spiral fracture in order 
to improve stability, the positioning of the 
screws must follow the spiral plane of the 
fracture. Such a procedure will cause consider- 
able stripping of soft tissues and periosteum 
from the bone, which results in measurable 


b) 


Fig. 3.2.1-6: Optimal inclination of the screw in relation 
to a simple fracture plane. 

a) Shows a lag screw oriented perpendicular to the 
fracture plane. This is an ideal inclination in the absence 
of forces along the bone axis. 

b) Shows an inclination half way between the perpen- 
diculars to the fracture plane and to the long axis of the 
bone. This is an inclination which is better suited to 
resisting compressive functional load along the bone 
long axis. 


damage to the periosteal circulation. Therefore, 
biology must be considered when applying lag 
screws. The clinical application of lag screws 
should go in line with our efforts to achieve 
indirect reduction of the fracture and minimal 
denudation of bone. 


2.2 Lag screws in 
metaphyseal and 
epiphyseal regions 


Articular and juxta-articular fractures 
usually need anatomical reduction and 
absolute stability in order to obtain per- 
fect congruity of the joint. In this region, 
lag screw fixation is the predominant pro- 
cedure. Large (6.5 mm) and small (4.0 mm) 
cancellous bone screws, as well as cannulated 
screws are used. To prevent the screw head 
from sinking into the bone, a washer is often 
needed (see Fig. 3.2.1-3) (Video AO00097a). For 
postoperative functional treatment in the ma- 


> Video A000097a 


To obtain anatomical reduction 
and absolute stability, 
interfragmentary lag screws 
are mandatory in articular 
fractures. 
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jority of these fractures, the combination of lag 
screw technique and buttressing by a plate is 
the method of choice (Video AO00097b). 


2.3 Self-tapping screws 


Self-tapping screws may be used for appli- 
cations where the screw is applied only once. 
Self-tapping screws of modern design of [11] 
offer not only the advantage of simpler hand- 
ling but also provide an optimal fit between the 
cut and the thread. This is normally the case for 
most plate screws, but lag screws are re-inserted, 
sometimes repeatedly, when reduction is op- 
timized. In this situation a self-tapping screw 
might tend, in theory, to cut a new thread at 
each insertion, thereby reducing or losing its 
purchase in bone. For clinical application it 
seems advisable, therefore, to revert to a 
conventional lag screw with tapping of 
the thread. Another limitation regarding the 
use of self-tapping screws stems from the fact 


that the cutting flutes of self-tapping screws are 
usually short. They may become clogged during 
insertion into a thick and dense cortical bone 
and this may damage the osseous thread. Here 
also the solution is to use a conventional pre- 
tapped application. Furthermore, a self-tapping 
screw may fail upon removal, when the cutting 
flutes are filled with ingrown new bone, or if 
the friction between screw and bone surfaces is 
very high. To avoid problems, the surgeon may 
try to loosen the screw, prior to removal, by first 
tightening it, thereby shearing off the ingrown 
bone from the cutting flutes. The design of the 
flutes of self-cutting screws must respond to 
these special demands. 


3 Are screws forgiving? 


Today, we tend to design implants in a way that 
offers high security for a wide variety of general 
applications. This requires an implant that 
tolerates intermittent peak (over-)load without 
irreversible loss of contact. While today’s plates, 
nails, and external or internal fixators give way 
and spring back into their former shape, screw 
fixation is less tolerant in situations of peak 
load. Under overload, the bony thread strips 
and the screw permanently loses its holding 
power. This behavior must be considered in 
pure lag screw fixation and in combinations 
between screws and flexible devices such as 
nails and fixators. The lag screw, therefore, 
finds its application mainly in conventional 
fixation with interfragmentary compression 
and may have limited application for, and in 
certain situations even be incompatible with, 
biological internal fixation. 
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4 New trends in screw 

~ application: internal 
fixator with locked 
screws 


The new technology of using the so-called 
internal fixators—PC-Fix and LISS—for bio- 
logical internal fixation takes advantage of 
short, unicortical screws (see chapter 3.4). The 
unicortical screw offers the advantage of very 
simple handling as it allows safe application by 
self-drilling and self-tapping. The head of this 
screw is locked within the body of the fixator 
(plate) (Fig. 3.2.1-7) in a position perpendicular 
to the Jong axis of the fixator (Fig. 3.2.1-8a/b). 


The steep conical design of the interface, and/or Fig. 3.2.1-7: The threaded screw head locks within the 
body of the fixator (plate). 


Fig. 3.2.1-8: b) Locked screws as used in newer implants like the 
Conventional and locked screws. PC-Fix and the LISS. These are usually unicortical and 
a) Shows the design and force components of a work more like bolts than screws; the axial force 
conventional screw as used for the DCP and LC-DCP. The produced by the screw is minimal. The screw provides 
screw acts by producing friction between the plate fixation based on the fact that the screw head is locked 
undersurface and the bone surface due to compression in a position perpendicular to the “plate” body. Such 

of the interface. systems act more like fixators than plates. 


a) b) 
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the newer conical thread, stop tightening well 
before the thread within bone sustains critical 
loads (Video AQ90063). Clinical studies using 
the PC-Fix have shown that short unicortical 
screws do not require variable inclination and 
can be used safely in diaphyseal bone without 
stripping the bone thread [12, 13]. An essential 
advantage of locking the screws within the 
fixator is that of limiting the torque applied to 
the screw thread at insertion. Thus, the screw 
is not plastically deformed within its thread, 
allowing the safe use of implant materials of low 
ductility, such as titanium. While Banovetz et al. 
[14] reported an unusually high incidence of 
titanium screw failures in conventional 
applications, Haas [13] did not observe one 
single failure of titanium screws in a series of 
387 PC-Fix insertions with an average of five to 
six screws per implant and a 96% follow-up 
rate. Unicortical screws should be used in dia- 
physeal, but preferably not in metaphyseal 
bone. In the metaphysis, the lack of a bony 
thick cortex, and a very short grip of the screw 


in the bone, due to a generally imperfect fit 
between the undersurface of the “plate” body 
and the bone, result in too small an anchorage 
for this application. Locked screws may also be 
used as long screws, thereby eliminating the 
need for fixed angle blade plates in the meta- 
physeal area. 


Drill 
Tap 


Radial 
Preload 


Locked 
Screwhead 


30" Video A090063 
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1 Introduction 


In previous years, the technique of absolute 
stability leading to direct bone healing was 
usually recommended and employed in the 
management of operative fracture treatment 
[1]. Today, this approach is being challenged by 
less invasive, so-called biological, methods of 
fracture fixation [2]. Nevertheless, osteosyn- 
thesis with plates providing rigid fixation 
still has a firm place in fracture treatment. 
Fractures with joint involvement are best 
fixed by absolutely rigid internal fixation, 
usually including plates. In these fractures, 
anatomical reduction is essential and ab- 
undant callus formation is not desired. 
Provided intramedullary nailing techniques are 
not preferred, transverse and short oblique 
fractures of the shaft of long bones are still good 
indications for plating, be it for anatomical (fore- 
arm), local (contaminated wound), technical 
(short distal or proximal fragment), or general 
reasons (see chapter 3.3.1). In the case of local 
infections and in multiply injured patients with 
chest trauma, plate osteosynthesis competes 
with external fixation (see chapters 3.3.3 and 
3.4). 

While the development of callus is desirable 
in less stable fixation, its appearance after rigid 


fixation may be of concern, as it points to some 
degree of instability that ultimately may lead to 
implant fatigue and failure (see chapter 1.2). 
After stable osteosynthesis, fracture healing, 
especially in the region directly underneath a 
standard plate, probably takes longer than 
following other techniques. A plate placed in 
direct contact with and pressed to the bone 
surface can lead to a long-standing disturbance 
of the blood flow to the underlying cortex. The 
process of osteonal remodeling and revasculari- 
zation is slow and can be observed as a porous 
condition of the cortical bone mirroring the 
footprints of the plate (see chapter 1.2). This 
disturbance of the cortical blood supply can be 
decreased by minimizing stripping of the peri- 
osteum, as a plate can be placed on top of it. 
Gentle use of small pointed hooks and pointed 
reduction clamps is recommended for reduction 
and, whenever possible, indirect reduction 
techniques, as described in chapter 3.3.2, should 
be applied to reduce the insult to bone and soft 
parts. Due to its reduced area of contact to the 
bone, the LC-DCP appears to preserve the blood 
supply better than the “old” DCP (see below), 
an effect which is even more evident with the 
PC-Fix or LISS (see chapter 3.4). In former times 


Rigid fixation with plates and 
screws has a firm place in 
fracture treatment. 


Articular fractures require 
anatomical reduction and 
stable fixation as callus 
formation is not desired. 


The potential compromise of 
cortical blood supply is a major 
draw back of conventional 
plating. 
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Most plates can be used for 
rigid as well as biological 
fracture fixation. 


plates were said to perform so-called “stress 
protection”, a term no longer used as the before- 
mentioned theory of a disturbed vascularity 
seems more plausible. “Refractures” after plate 
removal [3] may equally be explained by slower 
remodeling of the cortex underlying a plate. 

As compared to osteosynthesis designed to 
heal by callus formation (biological fixation), 
the classical plating technique, providing rigid 
fixation, requires strict adherence to the prin- 
ciples of interfragmentary compression. Errors 
of technique and misapplied principles may 
lead to complications such as delayed healing, 
implant failure, and non-union. 


2 Plate designs 


AO has developed many different plates, 
most of which may be used for rigid inter- 
nal fixation, as well as for biological plating 
with relative stability. 


Fig. 3.2.2-1: Dynamic compression principle: The 
holes of the plate are shaped like an inclined and 
transverse cylinder. Like a ball, the screw head 
slides down the inclinated cylinder. Since the 
screw head is fixed to the bone via the shaft, it 
can only move vertically relative to the bone. The 
horizontal movement of the head, as it impacts 
against the angled side of the hole, results in 
movement of the bone fragment relative to the 
plate, and leads to compression of the fracture. 


2.1 Dynamic compression 
plate (DCP) 3.5 and 4.5 


The dynamic compression plate (DCP) was 
introduced in 1969 [4]. At the time, it repre- 
sented a further development of the “coapteur” 
of Danis [5] and the modified plate of Bagby 
and Janes [6]. The DCP featured a new hole 
design allowing for axial compression by eccen- 
tric screw insertion. The plate functions in 
different modes: compression, neutralization, 
tension band, or as buttress. 
The DCP design is available in three sizes for 
large and small bones: 
1. The broad DCP 4.5 for fractures of the 
femur and, exceptionally, the humerus. 
2. The narrow DCP 4.5 for fractures of the 
tibia and humerus. 
3. The DCP 3.5 for the fractures of the 
forearm, fibula, pelvis, and clavicle. 


The screw holes in the DCP are best described as 
a portion of an inclined and angled cylinder. 
Like a ball, the screw head slides down the 
inclined shoulder of the cylinder (Fig. 3.2.2-1). 
In practice, when the screw is inserted and 
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tightened, this results in a movement of the 
bone fragment relative to the plate, and con- 
sequently, compression of the fracture. The 
design of the screw holes allows for a displace- 
ment of up to 1.0 mm. After the insertion of one 
compression screw, additional compression 
using one more eccentric screw is possible 
before the first screw is “locked” (Fig. 3.2.2-2). 
For axial compression over a distance greater 
than 2.0 mm, the use of the articulated tension 
device is recommended (see Fig. 3.2.2-19 and 
Fig. 3.2.2-21). The oval shape of the holes allows 


Fig. 3.2.2-2: After insertion of one compressing screw 
it is only possible to insert one other screw with 
compressing function, otherwise the first screw locks. 
When the second screw is tightened, the first has to be 
loosened to allow the plate to slide on the bone, after 
which it is retightened. 


a 25° inclination of the screws in the longi- 
tudinal plane and up to 7° inclination in the 
transverse plane (Fig. 3.2.2-3). 


Fig. 3.2.2-3: The shape of the holes of the DCP allows 
inclination of the screws in transvers direction of +7° and 
in longitudinal direction of 25°. 


2.1.1 Technique of application 


The DCP 4.5 is used with 4.5 mm cortex screws, 
4.5 mm shaft screws, and 6.5 mm cancellous 
bone screws. The DCP 3.5 is used with 3.5 mm 
cortex screws, 3.5 mm shaft screws, and 4.0 mm 
cancellous bone screws. There are two DCP drill 
guides, one with an eccentric (load) hole and a 
gold collar, the other with a concentric (neutral) 
hole and a green collar, for each size (4.5 or 3.5) 
plate/screws (Fig. 3.2.2-4a/b). Depending upon 
the intended function of the plate, the eccentric 
or neutral drill guide is chosen. 

If the screw is to be inserted in neutral (green) 
position, the hole is, in fact, 0.1 mm off-center, 
which theoretically adds some compression 
even in neutral position. 

The golden load drill guide produces a hole 
1.0 mm off-center and away from the fracture, 
so that when the screw is tightened, the bone 
is displaced relative to the plate, applying com- 
pression to the fracture site (Video AO00097a). 


171 


172 


The new LC-DCP design 
reduces the area of contact 
between plate and bone and 
thereby interferes less with 
bone biology. 


If the plate is intended to function as a butt- 
ress (see below), the universal drill guide (or 
sleeve) may be used, placing the screw to the 
opposite end of the hole. This prevents any gliding 
of the plate relative to the bone (Fig. 3.2.2-4c). 


a) 


Fig. 3.2.2-4: The application of the drill guides depends 
on the function the screw should have: 

a) Neutral position (green end of the guide). 

b) Compression (yellow end of the guide). 

c) Buttressing (universal drill guide). 


Ca Video A000097a 


2.2 Limited contact dynamic 
compression plate 
(LC-DCP) 3.5 and 4.5 


(Fig. 3.2.2-5) 
2.2.1 Design changes 


The limited contact dynamic compression plate 
(LC-DCP) represents a further development of 
the DCP. Several elements of the design have 
been changed, and the plate is available both 
in stainless steel and in pure titanium. Titanium 
exhibits outstanding tissue tolerance (see 
chapter 1.3). 


Fig. 3.2.2-5: The LC-DCP with its structured 
undersurface for limited contact between plate and 
bone and an even distribution of the holes 
throughout the plate. 
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By virtue of the changes in its design com- 
pared to the DCP the area of the plate-bone 
contact (the plate “footprint”) of the LC-DCP is 
greatly reduced. The capillary network of the 
periosteum is thereby less compromised, 
leading to a relative improvement of cortical 
perfusion, which reduces the porotic changes 
underneath the plate (see chapter 1.3). 

The geometry of the plate, with its “struc- 
tured” undersurface, results in an even distri- 
bution of stiffness, making contouring easier, 
and minimizing the tendency to “kink” at the 
holes when bent (Fig. 3.2.2-6). In bridging mode 
(chapter 3.3.2), this distribution of stiffness 
results in a gentle elastic deformation of the 
entire plate without stress concentration at one 
of the screw holes, as occurs in the DCP. 

The plate holes have a symmetrical form, so 
that the self-tensioning principle is possible in 
each direction. This allows for compression at 
several levels, for example, in a segmental 
fracture. 

The plate holes are evenly distributed over 
the entire length of the plate (see Fig. 3.2.2-5), 
which adds to the versatility of application. 


Fig. 3.2.2-6: In the DCP (a) the area at the plate holes 
is less stiff than the area between them. During bending, 
the plate tends to bend only in the areas of the hole. The 
LC-DCP (b) has an even stiffness without the risk of 
buckling at the screw holes. 


In cross-section the plate has a trapezoidal 
shape. The bony ridges which form along the 
edges of the plate tend to be thicker and flatter, 
rendering them less prone to damage during 
plate removal (Fig. 3.2.2-7). 


a) = 


b) 


Fig. 3.2.2-7: Cross-section after bone healing using DCP 
(a) and LC-DCP (b); note the trapezoidal “footprint” of 
the LC-DCP. 


2.2.2 Technique of application 


As in the case of the DCP, the screws can be 
inserted in different modes: compression, neutral, 
and buttress. To facilitate insertion, there are 
two LC-DCP drill guides designed for each of 
the plates 3.5 and 4.5 (Fig. 3.2.2-8a), and the 
LC-DCP universal drill guide (Fig. 3.2.2-8b). 
This new LC-DCP universal spring-loaded 
drill guide permits placement of the drill in 
neutral or eccentric position relative to the plate 
hole. If the inner drill sleeve is extended (normal) 
and placed against the end of the plate hole, an 
eccentric drill hole will result (Fig. 3.2.2-9a). 
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without 
pressure 


b) 


Fig. 3.2.2-8: 
a) LC-DCP drill guide. 
b) LC-DCP universal drill guide. 


However, if the spring-loaded guide is pressed 
against the bone, the inner tube retracts, and 
the rounded end of the outer tube glides down 
the slope of the hole to the neutral position 
(Fig. 3.2.2-9b) (Video AQ00097b). 
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Fig. 3.2.2-9: Application of the LC-DCP universal drill 
guide: 

a) Eccentric position. 

b) Neutral position. 


2.3 Tubular plates (4.5/3.5/2.7) 
(Fig. 3.2.2-10) 


The one-third tubular plate exists only in the 
3.5 version—its counterpart, in the 4.5 system, 
is the semi-tubular plate, which is less used than 
in the past. The one-third tubular plate is 
available in either titanium or stainless steel. As 
it is only 1.0 mm thick, its ability to confer 
stability is somewhat limited. However, it may 
be useful in areas with minimal soft-tissue 
covering, such as the lateral malleolus, the 
olecranon, and the distal end of the ulna. Each hole 
is surrounded by a small collar (Fig. 3.2.2-10a’) 
to prevent the spherical screwheads from pene- 
trating the plate and producing cracks in the 
near cortex (Fig. 3.2.2-10b/c). The oval shape of 
each hole allows a certain degree of eccentric 
screw placement to produce fracture com- 
pression (Fig. 3.2.2-10d). 


ih Video AQ00097b 
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2.4 Reconstruction plate 
3.5 and 4.5 


(Fig. 3.2.2-11) 


Reconstruction plates are characterized by deep 
notches between the holes that allow accurate 
contouring on the flat as well as standard 
bending (section 3). The plate is considered not 
to be as strong as the compression plates de- 
scribed before, and may be further weakened 
by heavy contouring—sharp bends in any 
direction should be avoided. The holes are oval, 
to allow for dynamic compression. 

These plates are especially useful in fractures 
of bones with complex 3-D geometry, as 
encountered in the pelvis and the acetabulum, 
the distal humerus, and the clavicle. Special 
instruments are available for the contouring of 
these plates (Fig. 3.2.2-11b). 


Fig. 3.2.2-10: 

a) One-third tubular plate. 

a’) The collar around the hole of the one-third tubular 
plate prevents the screw head from protruding and 
secures the plate/bone contact. 

b) Without a collar, the screw head protrudes through the 
plate, preventing good fixation. 

©) Thanks to the collar the plate-screw junction is improved. 


d) The oval shape of each hole allows a certain degree of Fig. 3.2.2-11: 
eccentric screw placement to produce fracture compression, a) Reconstruction plate. 
which can be augmented by pulling at one end of the plate. b) The special bending pliers for the 


reconstruction plates: Bending irons are 
available to twist the plate . 
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Fig. 3.2.2-12: Anatomically shaped plates (4.5 system): 

a) Condylar plate 95° to stabilize fractures of the proximal and 
distal femur. 

b) Angled blade plate 120° for valgization osteotomy of the 
femur. 

c) Condylar buttress plate for the distal femur (left and right). 
d) T-plate 4.5 for proximal humerus and proximal tibia. 

e) Lateral tibial head buttress plates. 

f) Tibial head buttress plate (right and left). 

g) Cobra head plate for arthrodesis of the hip. 

h) Angled blade plate for varization of the femur. 

i) Dynamic condylar screw for proximal and distal femur (side 
plate and screw separate). 

j) T-plate 3.5 (oblique angeled) for distal radial fractures. 
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2.5 Special plates 


Several special plates for specific locations have 
been developed. They are shaped anatomically, 
corresponding to the site where they are to be 
applied. In some of these plates dynamic 
compression is possible. Application of these 
plates is described in the relevant chapters 
(Fig. 3.2.2-12). 


3 Classical principles of 
-rigid internal fixation 
with plates 


Absolute stability of plated fractures depends on 
interfragmentary compression, which can be 
established by lag screws, axial compression by 
plate, or both. Static compression between 
two fragments is maintained over several 
weeks [7] and does not enhance bone re- 
sorption or necrosis (Fig. 3.2.2-13). Interfrag- 
mentary compression leads to increased 
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Fig. 3.2.2-13: Compression applied to cortical bone in 
vivo. The initial value of compression force decreases 
very slowly. This pattern of change in compression 
proved that pressure necrosis with surface resorption in 
the compressed area does not occur. 


stability through friction, but has no direct 
influence on bone biology or fracture healing 
(chapter 1.2). 

In order to achieve absolute stability, the com- 
pression over the whole cross-section of a fracture 
must be sufficiently high to neutralize all forces 
(bending, distraction, shear, and rotation). 

There are four ways to obtain interfragmen- 
tary compression with a plate: 

e Compression with the tension device. 

e Compression with the dynamic com- 
pression principle (DCP/LC-DCP). 

* Compression by contouring (over- 
bending) the plate. 

e Additional lag screws through plate holes. 


3.1 Rigid fixation by lag 
screw and neutralization 
(protection) plate 


(Fig. 3.2.2-14) 


The traditional and quite effective way to rigidly 
fix a simple diaphyseal fracture is to use lag 
screws (chapter 3.2.1) combined with a neu- 
tralization (protection) plate. In metaepiphyseal 
split fractures, lag screw fixation often needs to 
be combined with a buttress plate to protect the 
screws from shearing forces. A lag screw cor- 


Fig. 3.2.2-14: Lag screw osteosynthesis with neutrali- 
zation plate. Interfragmentary compression is achieved 
by lag screws. The function of the plate is to neutralize 
bending forces. Lag screws applied through the plate 

are preferable and do not require additional exposure. 
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Interfragmentary compression 
provides stability through 
friction, but has no direct 
influence on bone bridging or 
fracture healing. 


Static compression does not 
enhance bone resorption or 
necrosis. 
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rectly inserted in good bone generates forces up 
to 3,000 N. Since the same effect cannot be 
brought about by any of the methods listed 
below, lag screws should be used whenever the 
fracture pattern permits it (Fig. 3.2.2-15), 

A lag screw can be placed either free stand- 
ing or through the plate. To avoid any addi- 
tional soft-tissue stripping, placement through 
the plate is to be preferred (Video AO00097c). 
The recommendations for positioning a lag 
screw as mentioned in chapter 3.2.1 must be 
kept in mind. In the case of a wedge fragment 
opposite to the plate, the fragment should be 
reduced with the aid of pointed hooks or a 
pointed reduction clamp. Definitive fixation with ao 
a lag screw is best done—whenever possible— 
through the plate (Fig. 3.2.2-16). 


Video AO00097c 
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Fig. 3.2.2-15: Cortex lag 
screw (a) and shaft screw 
(b) for compression of a 
fracture. The shaft screw 
exerts higher compression. 


Fig. 3.2.2-16: Principle of how to fix a diaphyseal applied proximally. The wedge fragment is gently reduced 
fracture with a wedge fragment (B2) with lag screws with a small hook. 

through the neutralization plate. c) Final aspect of synthesis: the two middle screws 

a) Wedge fracture (B2). introduced through the plate are lagging the wedge. No 


b) The plate, after contouring, is fixed with two screws to soft-tissue stripping required. 
the distal main fragment, while the tension device is 
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3.2 Compression with the 
tension device 


In transverse or short oblique fractures of the 
diaphysis, placement of a lag screw is not always 
possible. The majority of these fractures are, 
anyhow, best treated by intramedullary fixation, 
except in the forearm. If nailing is not possible 
or not indicated, a compression plate should be 
used. The removable tension device was de- 
veloped (Fig. 3.2.2-16/17/18) to achieve adequate 
compression (over 100 kp). Its use is also re- 
commended for fractures of the femur or the 
humeral shaft, in osteotomies (see chapter 6.4) or 
when the gap to be closed exceeds 1-2 mm. 
Most plates have a notch at either end, which 
fits the hook of the tension device. Before use, 
the two branches of tension device should be 
opened completely. After fixation of the plate 
to one main fragment, the fracture is reduced 
and held in position with a reduction forceps. 
The tension device is now connected to the 
plate and fixed with a short cortical screw in the 
opposite main fragment. For application of forces 
in excess of 100-120 kp or in osteoporotic bone, 
a bicortical fixation is recommended. The wrench 
with universal joint is used for tightening. 


Fig. 3.2.2-17: Articulating tension device. 
Depending on the position of the hook, the device 
can be used for distraction or compression. 


In oblique fractures, to prevent displace- 
ment, the tension must be applied in such a 
way that the spike of the mobile fragment is 
pressed into the anxilla formed by the plate and 
the other main fragment to which it has been 
fixed (see Fig. 3.2.2-18). Biomechanical studies 


Fig. 3.2.2-18: a/b) In oblique fractures the tension 
device must be applied in such a way that the loose 
fragment locks in the anxilla if compression is produced. 
c) demonstrates the wrong position. 
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Simple fracture patterns are 
still best reduced anatomically 
and rigidly fixed by a “classical” 
plate. 
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A lag screw placed through a 
plate hole greatly increases the 
stability. 


If compression cannot be 
obtained through an interfrag- 
mentary lag screw, overbending 
of the plate is recommended. 


have shown that the bending and rotational 
stability of such fractures is greatly increased 
if a lag screw through the plate and across the 
fracture is added once axial compression has 
been established (Video AOQ00099a). 


3.3 Compression by 
overbending 


Due to the eccentric position of a straight plate 
on a straight bone, compressive forces are greater 
directly underneath the plate and less at the 
opposite cortex, where a small gap due to dis- 
traction can be observed (Fig. 3.2.2-19). This 
may induce micromovements. If the placement 
of an additional lag screw is not possible, pre- 
bending of the plate is essential (Fig. 3.2.2-20). 


Fig. 3.2.2-19: If a straight 
plate is tensioned on a straight 
bone, a transverse fracture gap 
will open up due to the forces 
acting eccentrically. 
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Fig. 3.2.2-20: If the plate is slightly pre-bent prior to the 
application (a), the gap in the opposite cortex will 
disappear as compression is built up (b), so that finally 
the whole fracture is firmly closed and compressed (c). 
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By applying tension, the overbent plate is 
straightened, which leads to compression of the 
opposite cortex, thereby adding to stability. 
There are special instruments available for pre- 
bending or contouring plates (Fig. 3.2.2-21). 


3.4 Compression with the 
DCP or LC-DCP (dynamic 
compression principle) 


Axial compression can also be generated with 
the DCP (see above). However, the compression 
force achievable is lower than with the tension 
device, while pre-bending of the plate is also 
necessary to obtain an even distribution of the 
compressive forces. 


3.5 Contouring of plates 


Straight plates often need to be contoured prior 
to application, to fit the anatomy of the bone. 
If this is not done, the reduction will be lost, 
especially if no lag screws are placed across the 
fracture. Even the anatomically shaped plates 
(see section 2) may require fine contouring 
before application. This is best done with the 
hand-held bending pliers or the bending press 
(see Fig. 3.2.2-21) as well as bending irons. If 
complex 3-D contouring is required, special 
flexible templates are available, which can be 
modeled to the bone surface (Video A000097d). 
Repeated bending back and forth should, 
however, be avoided, because this weakens the 
plate. 


Fig. 3.2.2-21: The 
bending press (a) and 
the hand-held bending 
pliers (b). c) Flexible 
templates to facilitate 
plate contouring. 


Most plates require some 
contouring to fit the individual 
anatomical shape of a bone. 
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Tt Different functions of 
~ plates 


Fig. 3.2.2-22: 
a) Application of the DCP 
in a buttress function. 


Besides the plate functions already men- 


The function assigned to a = tioned—neutralizing (protecting) or com- eae 
late d etdependian its ; dih 1 l b) To prevent any sliding 

plate does not depend on its pressing—one and the same p ate may also of the plate, the screw 

design. be used for other functions, such as butt- hole is placed opposite to 


ressing, bridging, or to act as a tension band. the slope in the plate hole. 


4.1 Buttress plate 


In a metaphyseal/epiphyseal shear or split frac- 
ture, fixation with lag screws alone may not be 
sufficient. A lag screw should therefore be com- 
bined with a plate with buttress or antiglide 
function (Video AO00099b). In plates with DCP 
holes, the screws should be inserted in the 
buttress position (Fig. 3.2.2-22). 
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4.2 Tension band plate 


(see chapter 3.2.3) 


The following four criteria must be fulfilled 
for a plate to act as a tension band: 
1. 


The fractured bone must be eccentrically 
loaded, e.g., femur. 

The plate must be placed on the tension 

side. 

The plate must be able to withstand the 
tensile forces. 


4. The bone must be able to withstand the 
compressive force which results from 
the conversion of distraction forces by 
the plate. There must be a bony buttress 
opposite to the plate to prevent cyclic 
bending. 


A good example of a physiologically eccentri- 
cally loaded bone is the femur (Fig. 3.2.2-23). If 
a plate is placed on the lateral (tension) side of 
a transverse fracture, the distraction forces are 
converted to compressive forces across the 


e) 


Fig. 3.2.2-23: Tension band principle at the femur. 
The intact femur (a) is an eccentrically loaded bone with distraction or tensile forces 
laterally and compression on the medial side. In case of a fracture (b) the lateral fracture 


gap will open, whereas the medial will be compressed. If a plate is placed alongside the 
linea aspera of the femur (c), it will be under tension when loaded, thereby compressing 
the fracture gap, provided there is bony contact medially. If the plate is placed to the 
compression side (d), it is not able to prevent opening of the lateral gap (instability). If 
the medial cortex is not intact (e), the tension band principle cannot work, because of 
lack of buttress (see chapter 3.2.3). 
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A plate under tension is much 
stronger than under bending 
forces. 
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Bridge plates are indicated in 
complex diaphyseal fracture 
patterns. 


whole fracture interface, provided the medial 
cortex is intact. If the same plate is placed medi- 
ally, it cannot counteract the distractive forces, 
and the fixation will fail, especially under load. 


4.3 Bridge plate 
(see chapter 3.3.2) 


In order to respect the biology of a complex 
multifragmentary fracture and to minimize any 
additional soft-tissue injury, presently a so- 
called bridge plate is advocated, which is fixed 
to the two main fragments only, leaving the 
fracture zone untouched. If feasible, bridge 
plates should be applied through minimal 
exposure in order to maintain length, correct 
axial alignment, and correct rotation. If the 
vascularity to bone and surrounding soft parts 
has not been disturbed too much, the physio- 
logical response to such a relatively flexible 
construction is rapid callus formation bridging 
the fragments, as happens in non-operative 
treatment or after gentle intramedullary nailing. 
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6 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/322.htm 
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Christoph Josten @ Gert Muhr 


1 Biomechanical 
principles 


Early concepts of load transfer within bone 
were developed and described by Frederic 
Pauwels [1]. He observed that a curved, tubular 
structure under axial load always has a com- 
pression side as well as a tension side. Using the 
eccentrically loaded femur as a model Pauwels, 
in the classical “load strain diagrams”, sche- 
matically demonstrated the compression and 
tension forces present within that bone while 
it was under axial stress (Fig. 3.2.3-1). 

From these observations the principle of the 
tension band evolved, which describes how 
tensile forces are converted into compres- 
sion forces by applying a device eccentrically 
or to the convex side of a curved tube or bone 
(Fig. 3.2.3-2). 


Fig. 3.2.3-1: To illustrate the effectiveness of the tension 
band principle, Pauwels used photo-elastic models. 
Eccentric loading produces a stress-strain differential 
within the material. These differentials can be equalized 
by a tension band applied to the tension side. It acts as a 
counterweight to eccentrically applied compression. 

a) Eccentric force (K) is applied at a distance from the 
neutral axis (0), producing a tensile force of 79 kp/cm? 
(Z) and a compression force of 94 kp/cm? (D). 

b) A weak tension band (G) is applied to the tension side 


(left column), producing a resultant force (R) more 
closely aligned with the neutral axis of the material. The 
tensile force Z is reduced to 74 kp/cm while the 
compression force (D) is decreased to 79 kp/cm?. 

c-f) The application of a progressively stronger tension 
band (G) produces and intensifies the shift of forces 
toward the neutral axis. The resultant force (R) is shifted 
toward neutral force 0 until the tension-optical lines 
become collinear as seen in (f). There is now an equally 
acting compressive force of 30 kp/cm? [1]. 


The tension band converts 
tensile forces into compression 
forces. 
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Since a fractured bone, if it is to unite, re- 
quires mechanical stability, as obtained, for 
example by compression, and reacts adversely 
under motion or repeated tension/distraction, 
it appears essential to neutralize such forces for 
the duration of the healing process [2]. 

This is especially important in articular frac- 
tures, which require early motion for a good 
functional outcome. 

In those fractures where muscle pull during 
motion tends to distract the fragments, for 


example, fractures of the patella or olecranon, 
the application of a tension band will neutralize 
these forces and even convert them into com- 
pression when the joint is flexed (Fig. 3.2.3-3). 
Similarly, a bony fragment can be avulsed at the 
insertion of a tendon or ligament, for example, 
the greater tuberosity of the humerus, the 
greater trochanter of the femur, or the medial 
malleolus. Here too a tension band can firmly 
reattach the avulsed fragment allowing imme- 
diate motion of the involved joint. 


Fig. 3.2.3-2: When applied to the tension side of the bone a plate acts as a dynamic tension band. 

a) The mechanical axis of the bone is not necessarily within the center of the bone. 

b) Under vertical pressure the curved femur creates a tension force laterally and a compression force medially. 
c) A plate positioned on the side of tensile forces neutralizes them at the fracture site provided there is cortical 


contact opposite to this plate. 


d) In case of a cortical defect, the plate will undergo bending stresses and eventually fail due to fatigue. 
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| b) In the olecranon 

fracture the figure-of-eight 
b) wire loop acts as a tension 
=> band upon flexion of the 
elbow. 


Fig. 3.2.3-3: 

a) Illustration of tension band principle 
on a fracture of the patella. The figure- 
of-eight wire loop lies anterior to the 
patella and fracture. Upon knee-flexion 
the distraction forces (between 
quadriceps and tibial tuberosity) are 
converted to compression. 


c) Application of the tension band 
principle at the proximal humerus with 
an avulsion of the greater tubercle. The 
wire loop is anchored to the humerus 
via a 3.5 mm cortex screw. 
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In the diaphysis angular 


deformity (convexity) indicates 


the tension side. 


ry Concepts of application 


Historically a circumferential wire loop—so- 
called cerclage—was originally described by 
Berger in 1892. Multiple modifications of the 
technique have been presented since [3-5], 
while others introduced the combination of 
wiring with screw or K-wire fixation [6-8]. 
K-wires or lag screws stabilize the fragments 
against rotational forces and may serve as 
anchorage for the tension band material. 

The types of articular fractures with avulsed 
fragments that typically profit from fixation 
according to the tension band principle have 
already been mentioned. However, there are 
situations where this principle can also be applied 


a) 


Fig. 3.2.3-4: 

Clinical example of an 
external fixator acting as a 
tension band. 

a) Symptomatic non- 
union after intramedullary 
nailing—note the hyper- 
trophic area on the dorsal 
side of the tibia and the 
gap anteriorly. 

b) After removal of the 
nail, a unilateral external 
fixator in the sagittal 
plane was applied and 
full weight bearing 
encouraged. The non- 
union consolidated within 
8 weeks, while the 
patient was immediately 
asymptomatic. 


in diaphyseal fractures, for example, the femoral 
shaft, or in delayed unions or non-unions where 
the presence of angular deformity indicates 
the tension side of the bone. Any internal or 
external implant must be applied to the tension 
side to neutralize these forces. Bony union will 
then occur quite consistently. This demonstrates 
that not only loops of wires, cables, resorbable 
and non-resorbable suture materials, but also 
a plate or an external fixator can fulfill the func- 
tion of a tension band (Fig. 3.2.3-4). 

A tension band that produces compression 
at the time of application, for example, at the 
medial malleolus, is called a static tension band 
as the forces at the fracture site remain fairly 
constant during movement of the ankle. 
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However, if the compression forces increase 
with motion, for example, in the patella with 
knee flexion, the tension band is called dynamic. 


3 Operative technique 


Fractures subject to distraction are at risk of 
displacement if movement occurs, for example, 
patella with knee-flexion or greater tuberosity 
during contraction of the supraspinatus muscle. 
By applying a figure-of-eight or simple loop to 
the front of the patella with good purchase in 
the patellar and quadriceps tendons respec- 
tively, an excellent tension band mechanism is 
created which compresses the fracture under 
dynamic load (Video A051049). The 1.0 or 1.2 mm 
wire must be anchored as close to the bone 
as possible. It can either be directed through 
the insertion of the tendon with a large gauge 
needle or run around longitudinal K-wires (see 
Fig. 3.2.3-3a) (see also chapter 4.7). The tension 
band loop can also be placed through a 2 mm 
drill hole in the neighboring bone, for example, 


w Video A051049 


at the proximal ulna in olecranon fractures (see 
Fig. 3.2.3-3b) or around a screw head in the 
proximal humerus (see Fig. 3.2.3-3c). 

As already mentioned, a plate or external 
fixator which is expected to function according 
to the tension band principle must be applied to 
the tension side of the bone or the convex side 
of a deformity or non-union (see Fig. 3.2.3-4). 
The following prerequisites are essential: 

a) Bone or a fracture pattern that is able 
to withstand compression. 

b) An intact cortical buttress on the 
opposite side of the tension band 
element. 

c) Solid fixation that withstands tensile 
forces. 


4 Pitfalls and 
complications 


The most common complication is failure of the 
implant. A wire put under pure tension is very 
strong. However, if bending forces are added, 
it will break by fatigue quite rapidly. As this also 
holds true for plates, it appears essential that in 
the diaphysis the tension side of the bone is 
known and the opposite cortex is able to with- 
stand compression forces (see Fig. 3.2.3-2). In 
the presence of a contralateral defect the plate 
is only load-bearing and repeated bending 
stresses invariably will lead to plate breakage by 
fatigue. A bone graft might be the answer to 
help to build up in due time a buttress in the 
cortex opposite to the plate. 
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6 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/323.htm 
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Christian Krettek 


1 Types of intramedullary 
nailing 


1.1 Classical Kiintscher nail 
(tight fitting, unlocked) 


Intramedullary nailing of long bone shaft 
fractures is generally accepted as a stan- 
dard treatment. Use of the conventional 
“Kuntscher nail” [1] with its longitudinal slot 
was restricted to relatively simple midshaft 
diaphyseal fractures because the stabilization 
was dependent on the contact between the 
elastic implant and the stiff bone (nailing prin- 
ciple). Reaming the medullary cavity increases 
the area of contact between the nail and bone 
and, therefore, extends the indication to frac- 
tures which are more complex or more proxi- 
mal and distal in the shaft. Reaming also im- 
proves the mechanical properties of the bone- 
implant interface by allowing the use of larger 
diameter implants. However, the reaming 
process itself has some inherent biological 
disadvantages, especially when performed ex- 
cessively. These are: a considerable rise in 
intramedullary pressure, temperature increase 
causing devitalized cortical layers, and bone 


intramedullary nailing 


necrosis. In the past, these disadvantages limited 
the use of reamed nails to fractures with minor 
softtissue injuries only. 


1.2 Universal nail 
(tight fitting, locked) 


The addition of interlocking screws to the 
nail, as originally introduced by Grosse 
and Kempf [2], enhanced the mechanical 
properties of the intramedullary implant 
and widened the range of indications to 
even more proximal and distal fractures, as well 
as to more complex and unstable patterns. 
However, if the fracture is more distal, more 
proximal, or more complex, its fixation mainly 
depends on the interlocking screws, and much 
less on the principle of friction. The length of 
the bone-implant construct is still effectively 
maintained, because the locking screws prevent 


Nailing of diaphyseal fractures 
is standard. 


Interlocking increases stability 
of fixation and widens the 
indications for nailing. 
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A solid nail is less susceptible 


to infection than a tubular nail. 


Damage to cortical blood 
supply after reaming is 
reversible. 


shortening. However, the longitudinal slot in 
the tubular nail results in decreased rotational 
stiffness which can lead to rotational instability, 
especially with smaller diameter nails [3]. 


1.3 Nailing without reaming 
or locking 


Several groups in Europe and North America 
have treated shaft fractures with significant 
soft-tissue injuries using intramedullary nails 
which were inserted without reaming, and 
which were, therefore, loose fitting. Since these 
implants (Ender nail, Lottes’ nail, and Rush 
pins) were thin and could not be locked proxi- 
mally or distally, longitudinal and rotational 
instability resulted, especially in complex 
fractures. Despite the “low” infection rates, a 
major disadvantage was the frequent need for 
additional external stabilizers, such as plaster 
casts, which are undesirable for other reasons. 


1.4 Nailing without 
reaming, with locking 
(“unreamed solid nail”) 


There was a manifest need for a small diameter 
solid nail that could be locked. While the absence 
of a slot considerably increases the torsional 
stiffness of the implant, it also carries a reduced 
capacity to adapt to the shape of the bone. If the 
insertion site is not optimally chosen or the 
shape and radius of the intramedullary canal 
diverge from those of the nail geometry, a 
proper “fit” may be a problem. With a smaller 
outer diameter (i.e., 9 mm) in the femur, the 
material strength of the nail must be reinforced 
to keep the risk of implant failure as low as 


possible. Both of these demands (low stiffness 
and high fatigue strength) were met by a 
change of material from stainless steel to the 
titanium alloy Ti-6AI-7Nb. The higher strength 
of the nail allows the use of larger locking bolts 
of 4.2/4.9 mm diameter (initially 3.2/3.9 mm). 
The solid cross section of the nail does not add 
much to its mechanical bending properties but 
it does have biological advantages. Results of 
animal experiments indicate that the sus- 
ceptibility to infection is lower for the solid 
nail compared with the tubular nail with its 
inner dead space [4]. On the other hand, a 
hollow or cannulated system allows for the use 
of a guide wire, which makes nail insertion 
easier. 


2 Pathophysiology of 
intramedullary nailing 


2.1 Nailing with reaming 


2.1.1 Local changes 

Reaming the medullary cavity causes dam- 
age to the internal cortical blood supply, 
which, in animal experiments, was shown 
to be reversible within 8-12 weeks [5]. This 
reduced blood supply during the early weeks 
after trauma and reaming might account for the 
increased risk of infection, especially in open 
tibial fractures. Because of infection rates as 
high as 21% [6], the use of reamed intra- 
medullary nails in open fractures, even on a 
delayed basis, was not recommended. Although 
new bone formation has been observed around 
reaming dust, and some viable bone cells have 
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been identified in reaming products, the often 
cited osteo-inductive effect of such material 
remains controversal. 

Since the femur has a good soft-tissue enve- 
lope, femoral shaft fractures are more often 
closed than open and treatment by intramedullary 
nailing is, therefore, more straightforward and 
less risky than for the tibia. The infection rates 
for grade I and grade II open fractures of the 
femur following reamed intramedullary nailing 
are I-2%, whereas for open fractures with 
extensive soft-tissue injury (grade II) the 
infection rates range between 4-5% [7]. 


2.1.2 General changes 


General changes, apart from several other 
effects of reaming, have to be considered. These 
include pulmonary embolization, temperature- 
related changes of the coagulation system and 
humoral, neural, and inflammatory reactions 
among others. The development of post- 
traumatic pulmonary failure (including ARDS) 
following early femoral nailing in the multiply 
injured patient is associated with the reaming 
process (see chapter 5.3). The passage of thrombi 
into the pulmonary circulation after reaming 
has been demonstrated in studies focusing on 
this topic [8, 9]. Intramedullary nailing 
appears to be a particular insult to the 
patient’s pulmonary system, especially in 
cases of polytrauma, since the lungs are 
very sensitive to any additional stress in 
the period immediately following trauma. 

The results of ongoing multicenter studies 
with large numbers of patients will hopefully 
help to indicate the actual risk of pulmonary 
complications. However, the advantages of 
unreamed nails are already emerging [10]. Any 
device introduced into the medullary canal 


(guide wire, reamer, nail) acts as a piston and 
forces the contents of the medullary cavity either 
through the fracture gap into the adjacent tissue 
or into the venous system. Wenda et al. [9], 
measuring intramedullary pressures intraopera- 
tively, found values between 420-1,510 mm Hg 
with reaming procedures, as compared with 
40-70 mm Hg in cases where solid nails were 
used without reaming. In addition, intraoperative 
transesophageal echocardiography showed 
solid emboli in the reamed group, which were 
not observed in the unreamed group. 

In contrast to the reaming procedure, where 
the introduction of the reamer into the canal is 
repeated many times (up to twelve times for a 
14 mm nail), the thinner solid nail without 
reaming is gently pushed into the diaphysis 
only once. 

Nevertheless, there is a continuing contro- 
versy between those who recommend reamed 
nailing for all patients with severe trauma and 
those with concerns about its role in pulmonary 
impairment in multiply injured patients (see 
chapter 5.3). 


2.2 Nailing without reaming 


Smaller diameter implants are used in nail 
insertion without reaming. The benefits are less 
heat production and less disturbance of the 
endosteal blood supply. Although the insertion 
of thinner implants certainly disturbs the blood 
supply, it is to a lesser extent [11]. There is also 
considerably less bone necrosis, which appears 
to be one of the risk factors for the development 
of postoperative infection. 

The susceptibility to experimentally induced 
infection has recently been studied, comparing 
solid with tubular nails in an animal model. The 
statistically significant results showed higher 


Intramedullary nailing in 
severe trauma may cause 
respiratory distress. 


197 


198 


For intramedullary nailing a 
fracture table is generally not 
needed. 


susceptibility to infection in the group treated 
by tubular nails when compared to the solid 
nail group [12]. The dead space within the 
tubular nail is probably the main reason for the 
difference. The influence of nail diameter on 
blood perfusion and mechanical parameters 
was also studied in a dog model. Following 
segmental osteotomy of the tibia, it was shown 
that a loose-fitting nail did not affect cortical 
perfusion as much as a tight-fitting nail and it 
allowed more complete cortical revascular- 
ization at 11 weeks post-nailing. On the other 
hand, stiffness and load to failure were not 
found to be different [13]. These findings, 
therefore, have implications for the treatment 
of tibial shaft fractures with severe soft-tissue 
injury, in which the blood supply is significantly 
compromised [13]. 


3 General techniques 


3.1 Preoperative planning 
and management 


3.1.1 Patient positioning 

The fracture table or a standard radio- 
lucent operating table, with or without 
the use of the femoral distractor, are alter- 
natives for patient positioning for femoral 
nailing. The use of a fracture table will main- 
tain a defined reduction throughout the pro- 
cedure, which might be helpful in the place- 
ment of reamed nails. However, positioning on 
the fracture table can put skin and neuro- 
vascular structures at risk and the setup process 
is time-consuming. Recent studies, without use 
of a fracture table, showed significantly shorter 
operation and anesthesia time compared to 


when either a fracture table or femoral dis- 
tractor was used [14]. Much depends, however, 
on personal experience and preference as well 
as on the OR-environment. With the unreamed 
nail, maintenance of accurate reduction is only 
necessary for the short period of time required 
to pass the nail from the proximal fragment 
into the distal main fragment. In reamed 
nailing, however, preservation of fracture 
reduction is required for every passage of the 
reamer and finally of the nail as well. Multiply 
injured patients with ipsilateral and/or bilateral 
tibial and/or femoral fractures can be treated on 
a regular table without the need to change 
either the position of the patient or the drapes. 
This appears to be safer and quicker [15]. A 
simple external fixator frame, or one con- 
structed from the tubular external fixator and 
four tube-to-tube clamps, supports the injured 
leg, while padding the hollow of the knee helps 
to obtain gross reduction of the fracture in the 
tibia [16]. 


3.1.2 Sequence of stabilization in 
multiple extremity fractures 


The recommended order for the treatment of 
closed fractures is: 1) femur; 2) tibia; 3) pelvis 
or spine; 4) upper limb. To follow this sequence, 
alternative methods were developed for the 
treatment of concomitant ipsilateral and/or 
bilateral fractures of the lower limb [15]. In 
multiple fractures of the lower limb, standard- 
ized stabilization protocols have been helpful 
for the sequence and method of stabilization 
according to the patient’s condition (good, 
questionable, and critical}. More recent techni- 
ques for intramedullary stabilization are no 
longer based on a fracture table but show a 
preference instead for the temporary use of a 


3.3.1 Intramedullary nailing—c. Krettek 
es ame | te meena 


distractor [14, 17] (Table 3.3.1-1). This allows a 
single positioning and draping procedure for 
multiple fractures and semi-parallel fracture 
stabilization. 


3.1.3 Correct implant selection 
Preoperative selection of nail length 


Templates are commonly recommended for the 
preoperative planning of intramedullary 
nailing. The accuracy of templates, however, is 
dependent upon the x-ray magnification. Un- 
fortunately, there is currently no accepted 
standard for long bones, and magnification 
ranges from 10-20%. In a recent study, 200 
randomly selected x-rays of femurs and tibias 
following fracture stabilization with an intra- 


medullary nail were analyzed. The mean magni- 
fication factor in the femur was 1.09 and in the 
tibia 1.07 [18]. It was concluded that the 
templates, currently used, are highly unreliable 
for selecting correct nail length. Therefore, 
implant selection should be based on a x-ray 
of the intact contralateral bone or on intra- 
operative clinical or imageintensifier-based 
measurements [15]. 


Intraoperative nail length selection with the 
use of radiolucent rulers or by clinical 
means 


Intraoperative nail length measurement with a 
radiolucent ruler under C-arm control is an 
accurate method. If the proximal and distal 
ends of the bone are centered in the x-ray beam 
and the ruler is placed parallel to the diaphysis, 


Table 3.3.1-1: Protocol [15] for the management of ipsilateral femoral and tibial fractures (floating knee) for patients in 


good, questionable, and critical condition. 


Proposals for management of ipsilateral femoral and tibial fractures 


Step Patient condition Patient condition Patient condition 
stable questionable critical ISS > 40 
1 standard radiolucent table or fracture table, whole extremity draped 
2 a) Femur a) Femur a) Femur a) Femur 
UFN retrograde distractor distractor external fixator 
2 b) Tibia b) Tibia b) Tibia b) Tibia 
UTN UTN UTN external fixator 
(standard or pinless) 
3 c) Femur c) Re-evaluation of the patient: 
UFN if stable: 
antegrade UFN femur 
if unstable: 
leave femoral distractor, ICU 
4 d) Femur UFN c) Tibia UTN 


d) Femur UFN 


199 


200 


Fig. 3.3.1-1: 

Intraoperative determination of nail 
length with the use of the image 
intensifier. 

a)—c) Highlights of potential sources 
of error. Note that these errors can 
occur in various combinations to 
produce different patterns of error. 


E a 


a) Correct position of patient, C-arm, and ruler parallel to 
the femur. 


a 


b) “Not parallel” ruler position results in too short a 
measurement. 


c) Excentric C-arm position also results in too short a 
measurement. 


projection-induced misjudgment of implant 
length is minimized (Fig. 3.3.1-1). 

An alternative nail length selection can be 
easily and accurately performed clinically. 
Landmarks are drawn on the skin using a sterile 
pen and measured by a ruler. 

The proximal landmark in the femur is the 
tip of the greater trochanter, which is identified 
by touch and marked on the skin after the 
approach has been performed. The distal land- 
marks are the lateral knee joint space and/or 
the superior edge of the patella. In simple 
fracture patterns, one shot of the reduced 
fracture site (shortening?) with the image 
intensifier allows correct measurement and 
choice of a nail of appropriate size. 

Proximal landmarks for the tibia are both 
the medial and lateral knee joint spaces; the 
distal point is the anterior part of the ankle joint 
with a dorsiflexed foot (Video 3.3.1-1). 


T Video 3.3.1-1 
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Nail diameter 


The radiolucent ruler also permits measure- 
ment of the implant diameter (Video 3.3.1-2). A 
technical trick for the selection of the cavity 
diameter during nailing is the use of the 
reamer head as a probe. 


T Video 3.3.1-2 


3.2 Insertion techniques 


3.2.1 Surgical approach and 


preparation of the starting 
point 


Several textbooks, including the AO Manual, 
recommend relatively long incisions for nail 
insertion. In intramedullary nailing without 
reaming, the approach can be much smaller for 
three reasons: 
¢ The position of the starting hole is not 
identified by direct vision. 
e <A wide access to protect the soft tissues 
from the reamers is not needed. 


e Clinical observation has shown that 
usually only the most proximal portion 
of these approaches is used. Stab 
incision techniques have been devel- 
oped for the femur [15] and the tibia 
[16]. In both bones care must be taken 
to place the approaches in line with the 
axis of the medullary cavity and not 
too close to the chosen starting point on 
the bone (Fig. 3.3.1-2, Fig. 3.3.1-3). 


These smaller approaches decrease blood loss 
[19] and reduce the risk of heterotopic ossifi- 
cation[20] at the tip of the trochanter. 


3.2.2 Preparation of the starting 
point in antegrade femoral 
nailing 


A correct starting point is crucial in intra- 
medullary nailing. In the femur, flexion and 
adduction of the hip joint facilitate the approach 
for antegrade nailing. This measure decreases 
the length of the incision, especially in obese 
patients. The greater trochanter, lateral femoral 
condyle, and, if possible, the femoral shaft, are 
palpated and, if necessary, identified with a 
marker. A slightly curved line is drawn in a proxi- 
mal direction corresponding to the curvature of 
the femur. A stab-incision about 3-5 cm long is 
made approximately 10 cm above the tip and 
towards the greater trochanter (Fig. 3.3.1-3). 
This allows insertion of a palpating finger 
alongside the implant (Video 3.3.1-3). Incisions 
should not be placed too posteriorly, since 
abductor muscle weakness has been recorded 
after nailing. 

The guide wire is rarely perfectly positioned in 
both planes on the first attempt, especially in the 
femur. In these cases, a correct second pin is in- 


A correct starting point is 
crucial in intramedullary 
nailing. 
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1 Skin incision 
2 Anterior tibial crest 
1 3 Center of _—— 
medullary canal ~~ 
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Fig. 3.3.1-2: Surgical approach in the tibia: The skin incision (1) 
should be in line with the chosen nail path. In a 100° flexed knee 
the incision lies over the lower end of the patella. Opening of the 
medullary cavity should also be in line with the later nail path. Due 
to the triangular crosssection of the tibia, the opening instrument 
is not aimed at the anterior tibial crest (2), but medial to it (3). For 
the inexperienced, it is helpful to drill a short (2 mm) K-wire 
temporarily into the anterior cortex under fluoroscopy to indicate 
the location of the medullary canal in the proximal fragment. 


Fig. 3.3.1-3: Surgical 
approach to antegrade nailing 
of the femur. When planning 
the stab incision, which lies 
approximately 10 cm 
proximal to the tip of the 
major trochanter, the natural 
antecurvation of the femur 
has to be considered. 
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e Video 3.3.1-3 


serted using the initial wire as a reference. Once 
the starting point and direction are perfect, the 
malpositioned wire is removed (Fig. 3.3.1-4). A 
sleeve protects the soft tissues from the 13.0 mm 
cannulated drill bit that prepares the entry point. 


AP view 


= 


correct 


Fig. 3.3.1-4: Technique for selection of starting point by 
entering the medullary cavity with the 3.2 mm guide wire 
and universal chuck with T-handle. The position of the guide 
wire is assessed in two planes by the image intensifier. If 
the position is not accurate, it must be corrected, as this 
may be decisive for the entire nailing procedure. The first 
wire is left in place as a reference for the second wire. 


3.2.3 Preparation of the starting 
point in retrograde femoral 
nailing 


For retrograde nailing of the femur, the knee is 
flexed approximately 30°. A guide wire is lined 
up with the midline of the medullary cavity of 
the distal femoral shaft using an image intensi- 
fier. The stab incision is placed in this line and 
a K-wire with a protection sleeve is pushed 
through the ligamentum patellae into the distal 
femur. Its position is also checked in a lateral 
view. Care must be taken that the origin of the 
posterior cruciate ligament (PCL) is not injured. 
The important landmark in the lateral view is 
the “Blumensaat’s line”, a radiodense line 
representing the cortical bone of the roof of the 
intercondylar notch of the femur. 


3.2.4 Antegrade tibial nailing 


In the tibia, a 15-20 mm stab incision using a 
large blade is made in line with the medullary 
cavity. The incision passes through skin and the 
patellar tendon at the inferior pole of the 
patella. The knee is flexed as much as possible 
(Fig. 3.3.1-2). The proximal anterior edge of the 
tibia can be easily identified by palpation with 
the sharp tip of the guide pin. 

The 4.0 mm centering pin, mounted on an 
universal chuck with T-handle, is pushed through 
the thin cortex in the direction of the center of 
the medullary canal. The position may be 
checked with image intensification. The protec- 
tion sleeve for the cannulated cutter is placed 
through the stab incision and through the 
patellar ligament directly onto the bone. The 
cannulated cutter (“cheese cutter”) for the 
medullary canal cuts out a cylinder of cortico- 
cancellous bone, which may be used as bone 


When using short incisions for 
“minimal” approaches careful 
planning with identification of 
the landmarks is essential. 


The choice of the correct entry 
point is crucial for the whole 
procedure. 
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Never ream with an inflated 
tourniquet on the limb. 


Closed reduction of fractures is 
more difficult in the femur 
than in the tibia. 


Design of reamers and reamer 
shaft influences intramedullary 
pressure and temperature. 


graft. For proximal fractures and in order to 
prevent malalignment, it is essential to place 
the starting point exactly in line with the center 
of the medullary cavity. 


3.2.5 Floating knee: retrograde 
femoral nailing and 
antegrade tibial nailing 


In the case of retrograde femoral and antegrade 
tibial nailing, both nail insertions can be per- 
formed through the same skin incision. In this 
situation the surgeon must ensure that the 
incision is proximal enough to allow insertion 
of the retrograde nail (close to the patella). 


3.2.6 Technique of reaming 


For fresh fractures, power reamers are more 
convenient and faster than hand reamers. 
However, for more difficult situations, (i.e., 
pseudarthrosis with sclerosis of the medullary 
cavity) specially designed hand reamers are 
safer and more effective. Besides the problems 
of pressure rise and heat production by ream- 
ing, the influence of reamer design (cutting 
flutes, geometry and diameter of the reamer 
shaft, sharpness of reamers, etc.) was analyzed. 
It was shown that blunt reamers, small flutes, 
high axial forces, and large diameters of the 
reamer shaft cause increased pressure and 
temperature [21]. It was shown by Pape [8] 
that the risk of pulmonary embolization 
depends to some extent on different reamer 
constructions. 

The efficacy of a distal venting hole is 
strongly dependent on its diameter and a pro- 
posed flushing technique of the medullary 
canal is not yet widely in use, but it may de- 
crease the risk of complications. Never ream 


with an inflated tourniquet as the normal 
circulation is an effective “cooling system”. 


3.3 Reduction techniques 


Considerations for the 
reduction maneuvers in 
antegrade femoral nailing 


3.3.1 


For several reasons, femoral fractures are 
usually more difficult to reduce than tibial 
fractures: 
e A thicker soft-tissue envelope and less 
direct access to bone. 
¢ A somewhat hidden starting point. 
¢ The presence of the iliotibial tract, 
which tends to shorten the fracture if 
the leg is adducted. 
The demands of each step in femoral nailing 
may create a conflict with the others. 


3.3.2 Reduction of tibial fractures 


The most effective and gentle instruments for 
reducing fresh tibial fractures are our hands. In 
contrast to the femur, large parts of the tibia, 
especially the anterior crest, are easily palpated. 
Since most fractures are simple A and B types 
in the midshaft or distal diaphysis, they are 
quite suitable for simple manual reduction 
during implant insertion. Temporary over- 
correction of the fracture zone during nail 
passage is sometimes advantageous and helpful 
in oblique fractures. With the tip of the un- 
reamed nail, the distal fragment can be “felt” 
during manipulation. Once the nail has en- 
gaged in the medullary canal of the distal main 
fragment, this can be recognized immediately 
by the increase in stiffness. 
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Positioning of leg in antegrade femoral nailing 


Steps Problem 


1. Starting point and nail 
insertion in proximal 
main fragment. 


2. Passing the nail into the 
distal main fragment. 


3.3.3 Reduction aids 


While reduction of fresh fractures for closed 
intramedullary nailing is rarely a problem, most 
situations of delayed nailing require additional 
tools to overcome shortening and to control 
axial alignment. 

The simplest “towel-sling” and “beanbag” 
techniques are easy, non-invasive, and cheap 
ways to manipulate the main fragments. How- 
ever, they are rather imprecise and not suitable 
for adjusting the length. In the tibia, pointed 
reduction clamps are best used, since they can 
be applied percutaneously or through an open 
wound, without additional soft-tissue trauma. 

The use of temporarily inserted Schanz 
screws is an effective way to get direct contact 
with the bone. This is especially helpful in 
femoral or delayed tibial fractures [15, 16]. 
Three principles have to be respected: 

e Screw placement as close to the 
fracture as possible. 

e Unicortical insertion in the proximal 
fragment. 

e Connection with universal chuck with 
T-handle for easier manipulation. 


In neutral position, soft 
tissues and iliac crest 
prevent easy access. 


In adducted position, 
the iliotibial tract is 
under tension and 
shortens the fracture. 


Solution 


AD-duction and flexion 
of the proximal femur or 
entire leg. 


AB-duction or neutral 
position of the distal 
main fragment with the 
proximal main fragment 
in neutral position. 


There are two planes in which reduction has to 
be controlled: frontal, or AP, and sagittal, or 
lateral. Use of the image intensifier can be re- 
duced by fixing universal chucks with T-handle 
to the Schanz screws and analyzing their 
position relative to each other. Furthermore, 
tactile contro] of the main fragments may also 
decrease the need for a C-arm (Fig. 3.3.1-5). 


Reduction for closed nailing in 
fresh fractures is rarely a 
problem; for delayed nailing 
additional tools may be 
needed. 


Fig. 3.3.1-5: The use of Schanz screws for reduction. In the proximal fragment 
the Schanz screws are placed unicortically, in the distal fragment bicortically. 
With two universal chucks with T-handle the fragments are manipulated under 
C-arm control (AP view). The orientation in the sagittal plane is obtained by 


“feeling” the fragments touching each other. 
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In cases of delayed nailing with shortening of 
the limb, the use of the large distractor may be 
essential for restitution of length and axis [17]. 
Care has to be taken, since the single Schanz 
screw tends to bend and rotate under strain. If 
a distractor is not available, a tube-to-tube 
construct and a distraction tool can be used for 
the same purpose (Fig. 3.3.1-6). 

Nailing of fractures in the metaphysis is 
associated with a higher rate of malalignment. 
A strong muscle pull [22] and, often, a wide 
medullary canal can lead to post-fixation in- 
stability, even with locking [16]. Blocking 
screws, placed adjacent to the nail, have been 
proposed as a possible solution to prevent 
lateral or medial translation in both the tibia 
[16] and the femur [15]. These screws, also 
called Poller screws, decrease the width of the 
metaphyseal medullary canal, forcing the nail 
to the center of the bone, thereby also in- 
creasing the mechanical stiffness of the bone- 
implant-construct. Poller screws can be used 
for: 1) alignment, 2) stabilization, and 3) mani- 
pulation. The screw is placed perpendicular to 
the direction in which the implant might dis- 
place (Fig. 3.3.1-7). 


Fig. 3.3.1-6: The use of a distractor for reduction. 

a) Standard application of the large distractor. Proximally, 
the AP Schanz screw is inserted just proximal to the lesser 
trochanter and medial to the nail path and lateral to the 
medial cortex. In the cross-section (insert) the “safe” rela- 
tion of this Schanz screw to the neurovascular structures 
can be appreciated. 

b) Alternative application, with both Schanz screws coming 
from lateral. The proximal Schanz screw usually interferes 
with the insertion handle of the nail, so that the distractor 
has to be removed before the nail is fully introduced. 
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Fig. 3.3.1-7: With the aid of Poller screws, 
undesirable nail positions, as well as 
malalignments can be prevented or 
corrected while simultaneously stability is 
increased. 

a) Example of a distal femur fracture: Due 
to the large discrepancy between medullary 
canal and nail diameter, the nail may slide 
a few millimeters along the locking bolts, 
which results in varus deformity and 
instability. 

b) Placement of one (distal) or two (distal 
and proximal) locking screws prevents 
malalignment and increases stability. 

c) Example of a distal tibia fracture: Despite 
the presence of an AP screw, displacement 
in the frontal plane can occur in cases of 
short distal fragments or poor bone stock. 
The AP screw acts as a fulcrum in these 
cases. 

d) Closed reduction and either unilateral or 
bilateral support with Poller screws placed 
bicortically in the sagittal direction prevents 
angulation in the frontal plane. 


Poller 
screws 


Poller 
screws 


pO] 


ee, fulcrum 


d) 


a) b) 


In oblique metaphyseal fractures of the 
distal tibia or femur the Poller screw may help 
with stabilizing, because shear forces are trans- 
formed into compression forces (Video 3.3.1-4). 

The Poller screw may help to prevent dis- 
placement in situations where a previously 
malplaced nail tends to slip again into the old 
nail path. Similarly, it can also be used in situ- 
ations where the antegrade starting point, for 
example, in the tibia, was originally badly 
chosen, forcing the proximal bone fragment 
into malalignment. In this situation, the nail 
has to be removed temporarily and the Poller ee 
screw placed to block the incorrect path, while 

68" Video 3.3.1-4 


the nail is reinserted (Fig. 3.3.1-8). 
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Use of an extra wide tourniquet as a reduc- 
tion tool for closed tibial fractures is also possible. 
Inflation of the circumferential aircushion and 
simultaneous longitudinal traction bring about 
smooth reduction and temporary stabilization. 
In addition, the tourniquet can be combined 
with the distractor [23]. However, this technique 
carries certain risks in cases of fractures with 
severe soft-tissue injury. The application time 
should be as short as possible and reaming must 
never be done with the tourniquet inflated. 


a) 


Fig. 3.3.1-8: Poller screws as reduction tool. 


3.3.4 Sequence of locking 


Nails may produce fracture distraction upon 
insertion by pushing the distal fragment. This 
causes a sharp rise in compartment pressure 
and may delay fracture healing. In a statically 
locked diastasis, the weight-bearing load is 
directly transmitted to the locking screws, 
which will eventually fail. Axial deformities are 
also more likely to develop, especially in distal 
metaphyseal fractures. In contrast to the pre- 


| 


Poller 
screws 


d) 


a) Schematic drawing of a clinical case: After nail removal a refracture occurred which healed in valgus malalignment. 
b) Since the original nail path is sclerotic, the new nail follows the pre-existing path with the same malalignment. 

c) This problem can be solved with a Poller screw as a reduction tool: The nail is temporarily removed. The Poller screw 
is placed in the old nail path, to block it, while a new path is prepared with a hand reamer. 

d) Once the new nail path has been prepared, the Poller screw remains in place and the new nail is reinserted and 


locked. 
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vious manuals and teaching videos, we now 
recommend locking of the distal end as a first 
step [16]. This gives the opportunity to apply 
the “backstroke technique”, which adapts and 
compresses the fracture fragments after distal 
locking (Fig. 3.3.1-9). If the nail length has been 
correctly chosen, there should be no problem; 
otherwise the nail may protrude proximally by 
a few millimeters. 


Fig. 3.3.1-9: 

Backstroke technique for correction of fragment diastasis. 
a/b) Insertion of an unreamed nail frequently results in 
fracture distraction, which may enhance a compartment 
syndrome and delay in healing. 

c) Distal locking first with three locking bolts (increasing 
strength). 

d) Careful backstrokes under fluoroscopic control until 
main fragments are reduced or the planned length is 
achieved. 

e) Proximal locking, dynamic or static, according to 
fracture pattern and fracture location. If the nail is proud 
proximally, a shorter one should be chosen. 
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3.3.5 Intraoperative techniques 
for the control of alignment 


Length 


Doing the distal locking first brings the additional 
advantage that the distal fragment is fixed to 
the nail. Any further reduction maneuvers can 
be performed with the insertion handle. After 
distal locking of all C fractures and certain Al 
and BI fractures, the reduction, especially 
length, should be radiologically assessed. 

In femoral fractures the upper margin of the 
femoral head is brought into line with the 
measuring device under image intensification 
(see Fig. 3.3.1-1). This has the length of the 
contralateral femur marked on it with a clip 
(femoral head—lateral femoral condyle). Sub- 
sequently, the knee joint is viewed and any 
length discrepancy can be measured between 
the lateral femoral condyle and the position of 
the clip. By using a ram with handle, limb 
length can be continuously adjusted in both 
directions (Fig. 3.3.1-10). The length of the tibia 
is much easier to evaluate than that of the 
femur and clinical means are usually ae 


Frontal-sagittal plane 


In simple midshaft fractures of the femur and 
tibia, frontal and sagittal plane alignment is 
usually not a problem. While CCD angles can 
be measured and checked by fluoroscopy, the 
evaluation of the correct weight-bearing axis is 
usually more difficult, especially in complex, 
multifragmented, or metaphyseal fractures. 

The recently described “cable-technique” 
greatly facilitates intraoperative assessment of 
axis in the frontal plane. With the patella facing 
anteriorly, the centers of the femoral head and 
of the ankle joint are marked under fluoroscopy 
either on the skin or the surgical sheets. The 
long cable of electrocautery is then spanned 
between these two points with the image in- 
tensifier centered on the knee joint. Varus/ 
valgus alignment can now be determined using 
the projection of the cable (Fig. 3.3.1-11). The 
sagittal alignment is determined using a lateral 
fluoroscopic image. 


Fig. 3.3.1-10: Control of length 
after distal locking with the ram 
with handle and the insertion 
instruments in place. 
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Fig. 3.3.1-11: Cable technique for checking 
alignment in the frontal plane: The knee is fully 
extended and the patella must face anteriorly. 
Step 1) With the image intensifier beam strictly 
vertical, the center of the femoral head is 
centered on the screen. A pen then marks the 
center of the femoral head on the patient's skin. 
Step 2) In a similar way the center of the ankle 
joint is marked. An assistant now spans the 
cable of the electrocautery between these two 
landmarks. 

Step 3) Looking at the knee joint the cable 
should run centrally. Any deviation of the pro- 
jected cautery cable from the center of the joint 
indicates the axial deviation in the frontal plane. 


Rotation 


There are several methods for intraoperative 
assessment of the rotation of nailed fractures of 
the femur and the tibia: 

Clinical judgment is not very precise and 
depends on the position of the patient and the 
leg during surgery. Preoperatively, the rotation of 
the intact limb is established with the knee and 
the hip flexed at 90°. Intraoperatively, after 
nailing and temporary locking of the fractured 
bone, the rotation is checked again. To do this 
correctly the insertion handle has to be removed. 

In the tibia, rotation should be checked with 
the knee in flexion and the foot dorsiflexed. 
However, as well as comparing the position of 
the feet, the range and symmetry of foot rota- 
tion has also to be taken into account. 

Several signs have recently been described 
for x-ray assessment of femoral rotation. These 
include the shape of the lesser trochanter, the 
cortical step sign, and the sign of the diameter 
difference [15]. 

The x-ray contour of the lesser trochanter in 
relation to the proximal femoral shaft depends 
on the rotation of the bone. Preoperatively, the 
shape of the lesser trochanter of the uninjured 
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limb with the patella facing anteriorly is an- 
alyzed and stored in the fluoroscope. Before 
proximal locking, with the patella facing 


Cable technique, lesser anteriorly, the proximal fragment may be 
trochanter sign, cortical step rotated around the nail, using a Schanz screw, 
sign, and cortical thickness are until the shape of the lesser trochanter appears 
all useful to assess the to be symmetrical with the stored image of the 
correctness of reduction. uninjured side. In the case of an external 


malrotation, the lesser trochanter is smaller 
because it is partially hidden by the femoral 
shalt. With internal malrotation, however, the 
lesser trochanter looks bigger [15] (Fig. 3.3.1-12 
and Video 3.3.1-5). 


qa Video 3.3.1-5 


Fig. 3.3.1-12: Intraoperative a Pa ge 


radiological assessment of 
rotation with comparison of the 
shape of the lesser trochanter 
with the contralateral side (lesser 


trochanter shape sign). 

a) Before positioning the patient, 
the shape of the lesser trochanter 
of the intact opposite side 
(patella facing anteriorly) is stored 
in the image intensifier. 

b) After distal locking and the 
patella facing anteriorly, the 
proximal fragment is rotated until 
the shape of the lesser trochanter 


matches the one of the intact side 

already stored. 

c) In cases of external malrotation 

the lesser trochanter is smaller 

and partially hidden behind the b) ) d) 


proximal femoral shaft. E 
d) In cases of internal malrotation 

the lesser trochanter appears 

enlarged. 
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In transverse or short oblique fractures the 
correct rotation may be judged by the thickness 
of the cortices of the proximal and distal main 
fragments (cortical step sign). This is less sen- 
sitive, however, than the sign of the lesser 
trochanter [15] (Fig. 3.3.1-13). 

The sign of bone diameter is positive at 
levels where the bone diameter is oval, rather 
than round. In cases of malrotation, the trans- 
verse diameters of proximal and distal frag- 
ments are projected with different diameters. 
Again, this sign also is much less sensitive[15] 
(Fig. 3.3.1-13). 


Fig. 3.3.1-13: Radiological signs of malrotation depending 
on the cortical thickness and the bone diameter. 

a) Cortical step sign: In the presence of a considerable 
rotational deformity, this can be diagnosed by the different 
thickness of the cortices. 

b) Diameter difference sign: This sign is positive at levels 
where the bone cross-section is oval rather than round. 
With malrotation, the diameters of proximal and distal 
main fragments appear to be of different sizes. 


3.3.6 Reduction techniques 
for delayed cases and 
non-unions 


In delayed cases, and depending on the time 
interval, we are faced with the following problems: 


e Axial deformation (shortening, 
angulation, and/or translation). 

e Connective tissue ingrowth and early 
callus formation making reduction 
difficult. 

e Sclerosis at the fracture site with sealed 
medullary cavity and osteoporosis of 
the main fragments. 


These conditions make intramedullary nailing 
difficult, because instruments (reamer) and 
nails are easily deflected and tend to penetrate 
the cortex in the wrong direction. While 
angular deformities can be corrected by the use 
of a distractor, an offset due to fragment 
translation is much more difficult to overcome. 
In these situations, the use of Poller screws, 
as already described in section 3.3.4, helps to 
guide instruments and implants in the desired 
direction. Alternatively, plates may be used. 


3.3.7 Techniques for prevention 
of malalignment 


Selection of the correct starting point in the 
proximal fragment and a central nail position in 
the distal fragment are the most important 
points to observe in order to avoid varus-valgus 
and antecurvatum deformities. 


In malunions and non-unions 
nailing may be difficult. 
Alternatively plates can be 
used. 
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In unreamed nailing the use of 
locking bolts is mandatory. 


In the case of a proximal or distal meta- 
physeal fracture, the relatively loose contact 
between locking screws and nail may lead to 
malalignment, but this can be used to correct 
malalignment as well. An increase in the sta- 
bility of the bone-implant construct can be 
obtained with the temporary addition of 
external fixation devices, (pinless or standard), 
Poller screws, or plates (see Fig. 3.3.1-8). 


3.4 Fixation techniques/ 
interlocking 
3.4.1 Interlocking screws 


While locking is advisable in reamed nailing, it 
is mandatory in unreamed nailing, since the 
nails used here are thinner. Stable fracture 
patterns are locked in a dynamic mode, which 
allows for axial compression, but prevents 
rotational instability. Distal interlocking may be 
done with the free-hand technique, using a 
radiolucent drive and fluoroscopy. Proximal 
interlocking is performed through the guide 
attached to the insertion handle. 

Distally, at least two (femur) or three (tibia) 
interlocking screws are recommended for the 
following reasons: 

As there is no tight fit between the locking 
screws and nail, “toggling” may occur. This can 
lead to instability and malalignment, especially 
in the frontal plane. The insertion of two 
(femur) or three (tibia) distal screws, which are 
usually not quite parallel, reduces the toggling. 

Breakage of locking bolts is dependent on 
implant material, design, surface finishing, and 
cross sectional area as well as on the amount of 
load applied and the number of cycles. With 


smaller diameter nails (unreamed systems), the 
locking bolts are of smaller diameter, which 
may result in more screw breakage. This is, 
however, clinically not relevant in the vast 
majority of cases. Since the distal interlocking 
screws are usually the weakest part in the 
nailing system, we recommend using the full 
range of locking options, especially in the distal 
tibia [25]. 


3.4.2 Technique for distal 
interlocking without 
fluoroscopy (DAD) 


Radiation exposure during nailing procedures 
continues to be a controversial issue. Every 
attempt should be made to develop aiming 
devices that are precise, reliable, and easy to 
apply without fluoroscopy. 

Recently, a radiation-independent prox- 
imally mounted distal aiming device (DAD) has 
been developed for solid intramedullary nails, 
which do not undergo any significant torque 
upon insertion. The DAD is based on an aiming 
arm which is readjusted to the deformed nail 
through a distal working channel and an 
asymmetric spacer. In a prospective randomized 
study using human leg specimens, the DAD 
and the radiolucent drill guide were compared 
in the hands of inexperienced surgeons meas- 
uring the radiation and operating time. In the 
DAD group, fluoroscopy time was significantly 
shorter, while failure rates were equal in both 
groups. However, the operating time was longer 
with DAD (Fig. 3.3.1-14 and Video 3.3.1-6). 
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Locking protocol tibia 


Proximal locking pattern 


Dynamic hole 


Static + dynamic hole 


Segment Fracture type 
3-5 All A3 
Well-adapted B2-3, C2 fractures 
3-5 All A1-2, B1 
Insufficiently adapted B2-3, C2 
All C1 and C3 fractures 
1-2 All A, B, and C fractures 


Table 3.3.1-2: Location refers to the most proximal 
extension of the fracture in the proximal half of the tibia, 
and to the distal aspect of the fracture in the distal half of 
the tibia. 


38° Video 3.3.1-6 


Static + dynamic + oblique hole 


Distally, all three locking options are used. Proximal in 
the first and second fifth, always use three screws. 
Fractures in segment 3-5 are locked according to fracture 


type. 


3.4.3 Dynamization 


In the femur, dynamization of statically 
locked nails is rarely necessary. In the tibia, 
it may be recommended (in combination 
with bone graft) for certain fracture patterns 
with a high risk of delayed fracture healing 
[24]. The best time seems to be 2-3 months 
after initial surgery; the removal of one or both 
locking bolts proximally can be done on an 
outpatient basis. 


In the tibia distal locking must 
always comprise all three 
possibilities. 


Dynamization is rarely 
necessary in the femur, while 
in the tibia it may be 
recommended for certain 
fracture patterns. 
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Fig. 3.3.1-14: Principle of c) The L-curette is removed and a similarly 
the aiming process of the shaped anterior L-spacer is inserted 

DAD (distal aiming device). through the contact hole. After verifying a 
a) The solid UTN, fixed to direct contact between spacer and nail, the 
the insertion handle and former is pressed against the nail and 


inserted, e.g., into the connected with the aiming arm. The two 
tibia, is connected to the transverse drill sleeves present are then 
distal aiming arm at a l centered to the transverse locking holes of 


the nail. 


preset length. 


anterior spacer arm 


c) 


AP aiming arm 


working 
channel 


d) In the proximal transverse hole the 
medial cortex is enlarged to 6 mm. A 
medial spacer is inserted through this hole 
and the nail hole. 

e) An expander wire is inserted into the 
medial spacer. The tip of this wire expands 
the tip of the medial spacer and locks it to 
the nail. In this position, the sleeve for the 
AP hole is centered. 


AP aiming arm 


b) With the nail in place a stab incision is placed over the 
distal tibia and a 6 mm contact hole is drilled slightly 
medial to the middle of the bone. With an L-curette for A 
anterior nail contact opening cancellous bone is removed 
between the cortex and nail. When the curette comes in 
contact with the nail, it produces a metal-to-metal sensation. 


e) 


spreading needle 
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item Contraindications 


The development of new nails designed for 
different indications has greatly expanded the 
spectrum of nailing in terms of fracture lo- 
cation, fracture pattern, softtissue damage, and 
concomitant injuries. There are, however, 
still several biological and mechanical 
concerns or contraindications for nailing, 
which include: 

e Infection at the entry site, within the 
medullary canal, at pin sites, or sepsis. 

e Femoral fracture(s) in the multiply 
injured patient with pulmonary trauma, 
where temporary stabilization by external 
fixation or plating is advocated. 

e Metaphyseal fractures where fixation 
of locking bolts may be insufficient to 
control malalignment. 
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Bridge plating 


Fred Baumgaertel 


1 Introduction 


In general, plate fixation of fractures represents 
a form of stabilization with load bearing and 
load sharing properties. Functional treatment of 
the limb for preservation of muscle strength, 
coordination, and joint mobility depends on the 
stability provided by the plate-bone construct. 
Fracture consolidation is to be expected if the 
mechanics of fixation and the biology of the 
fracture are compatible and mutually beneficial. 

Biological or bridge plating uses the plate as 
an extramedullary splint fixed to the two main 
fragments, while the complex fracture zone is 
virtually left untouched, or rather bridged, by 
the plate. This concept combines adequate 
mechanical stability offered by the plate 
with uncompromised natural fracture bio- 
logy to achieve rapid interfragmentary 
callus formation and fracture consolidation. 
Bridge plating techniques are applicable to all 
long bone fractures where complex fragmen- 
tation is present and which are not suitable for 
intramedullary nailing (Fig. 3.3.2-1). 

With “classical” direct open fracture reduc- 
tion and rigid plate fixation, the viability not 
only of soft tissues but also of the fragments 
may be jeopardized. This risk occurs to a lesser 
degree in simple than in multifragmentary frac- 
tures. Indeed, it is the concern to maintain the 


vascularity at the fracture site which creates 
such a strong indication for the use of bridging 
techniques in fracture patterns with significant 
fragmentation. 

In type C fractures of the diaphysis (see 
chapter 1.4), the endosteal blood supply of frag- 
ments is, as a rule, interrupted. Preservation of 
bone vitality relies predominantly on periosteal 
vascularity, which is also responsible for frac- 
ture healing. In the absence of mechanical 
continuity between the two main fragments, 
maintenance of stability becomes a function of 
the bridging plate. Wide exposure, with peri- 
osteal stripping for precise fragment reduction, 
and fixation by interfragmentary compression 
and plating carry the risk of higher rates of 
bone-healing complications in type C fractures 
[1-7]. Mechanistic thinking and technique, 
together with misapplication and misinter- 
pretation of the principles of interfragmen- 
tary compression, are probably responsible 
for most failures. 

An attempt to reconstruct anatomically and 
rigidly fix a widely fragmented fracture area is 
to be considered a precarious undertaking and 
will most probably result in some sort of compli- 
cations, followed by loss of stability and implant 
failure or, in the worst case, by infection. 


In bridge plating the plate acts 
as an extramedullary splint. 


Biological plating combines 
adequate stability with 
uncompromised biology. 


Misinterpretation of principles 
and misapplied techniques are 
responsible for most failures. 
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Fig. 3.3.2-1: 

a) Complex fracture of tibia and fibula 
(42-C) not suitable for nailing with severely 
compromised soft tissues in a 41-year-old 
polytrauma patient (ISS=48) after MVA. 

b) As emergency fixation a conventional 
unilateral external fixator was applied. In the 
same session, the opposite femur was 
plated and the femoral neck fixed with 
screws while the other tibia was nailed. 


c) With the external fixator in place to hold 
alignment, 3 weeks after the injury, a 
contoured 16-hole LC-DCP was pushed through 
a Short incision from the tibial plateau along 
the lateral side of the tibia and fixed with 
percutaneously applied 4.5 mm cortex screws, 
some as lag screws. To provide a medial 
support, the external fixator was retained with 
one pin in each main fragment. 

d) Clinical aspect 8 weeks after the accident. 

e) X-ray follow-up at 29 weeks. 
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However, in type C fractures of the metaphyses, 
including articular fractures (see chapter 2.3) 
with various degrees of fragmentation, ana- 
tomical reconstruction and rigid fixation of the 
joint surface is paramount, while the meta- 
physeal bone, given its good healing qualities, 
will withstand a higher degree of iatrogenic 
damage from manipulation than will the dia- 
physis. The endangered area is not the meta- 
physis but its junction with the more compact 
bone of the diaphysis. These regions of tran- 
sition remain under continuous bending loads 
and show a distinct tendency to delay or failure 
of fracture healing. In any bone deprived of the 
possibility of developing adequate callus, frac- 
ture fixation is likely to fail. In the past, there- 
fore, liberal use of bone grafting was advocated 
and indeed, if biology is ignored, bone grafting 
had to assume the role of problem solver. 

The current plating concepts embrace 
the principle of placing biology before 
mechanics. This development has led to a 
more flexible and individual approach to internal 
fixation, based on the nature and severity or the 
personality of a fracture. 

Simple type A diaphyseal fractures require 
a high degree of mechanical stability, which can 
be obtained quite well by compression plating 
or intramedullary nailing. In type C fractures 
involving not only two main fragments but 
numerous intermediate pieces, the fixation 
device must allow for some micromovements 
between the different fragments, thereby stimu- 
lating the healing process, for example, callus 
formation. Tissue strain within minimal 
ranges enhances bone healing by producing 
callus [8]. If, for example, a complex, multi- 
fragmentary fracture, rather than being anatomic- 
ally reduced, is splinted, for example, in a cast, 
the movement between intermediate but viable 
fragments will be minimal, while the system as 


a whole will tolerate a significant amount of 
deformation. This allows tissue differentiation 
to progress and callus formation between inter- 
mediate fragments occurs rapidly, even in the 
presence of considerable fragment diastases. 
Prerequisites for the success of bone healing 
under such conditions are optimal preservation 
of fragment vascularity and a favorable me- 
chanical and cellular environment for the 
production of callus. Bone fragments, once 
they have been stripped of their soft-tissue 
attachments (periosteum, muscles, etc.), will 
not be incorporated into the early callus 
formation. 

The surgeon attempting operative stabili- 
zation of a complex multifragmentary fracture 
must therefore be able to reduce the fracture 
without interfering with the blood supply and, 
at the same time, apply a fixation device that 
provides adequate fixation while also stimu- 
lating callus healing. 


2 Indirect reduction 
techniques 


(see chapter 3.1) 


Biological or bridge plating is usually applied 
following some form of indirect reduction. 
The goal of indirect reduction is to achieve 
preliminary alignment of a fractured bone, 
either before any attempt at internal fixation is 
made or in conjunction with a fixation device 
[9-12]. The mechanical principle underlying 
indirect reduction is distraction and applies to 
diaphyseal as well as to metaphyseal bone. The 
muscular envelope surrounding the diaphysis 
of most long bones provides a logical rationale 
for indirect reduction, since a controlled pull on 


The current plating concepts 
embrace the principle of 
placing biology before 
mechanics. 


Biological plating requires 
indirect fracture reduction. 


Tissue strain within minimal 
ranges enhances callus 
formation. 
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the muscle and periosteal attachments of any 
single fragment tends to align it in the desired 
direction. Furthermore, a muscle envelope 
under distraction exerts concentric pressure on 
the shaft, easing fragments into place. This also 
holds true for metaphyseal and epiphyseal 
bone, although the distraction required to align 
fragments is transferred not so much via mus- 
cular attachments as through capsular tissues, 
ligaments and, less often, tendons. This pheno- 
menon, regularly seen as part of conservative 
fracture management, is described by the term 
“ligamentotaxis”, coined by Vidal [13]. Simi- 
larly, traction applied by a traction table to an 
entire limb produces indirect reduction at a 
fracture focus. However, the use of an implant 
or large distractor (Video AO20163) to a single 
bone controls reduction more effectively and 
permits subtle adjustments as well. If feasible, 
indirect reduction techniques with distractor or 
external fixator and plate can be combined 
(Fig. 3.3.2-1d). Other tools for indirect reduction, 
plates in conjunction with the articulated 
tension device, or bone spreaders are described 
in chapter 3.1 (Fig. 3.3.2-2) (Video AO20194a). 


5 


= 3 Implant considerations 


In biological or bridge plating, the surgeon must 
study the fracture morphology, carefully plan 
reduction, and finally choose a plate appropriate 
to the anatomical location and extent of the 
fracture. In general, most plates are suitable 
to be used either for conventional or bridge 
plating. In case an angled blade plate is used, 
it is first placed submuscularly and then inserted 
into the metaphyseal fragment prior to reduction. 
Subsequently, reduction is obtained with the help 
of the plate as a reduction aid as described in 
chapter 3.1 (Fig. 3.3.2-3) (Video AO20194b). 


Video A020163 


Video AO20194a 


Video AO20194b 


a) 24-year-old man with shotgun injury, right forearm. 
Grade III open comminuted radial shaft C1 fracture with 
radial artery disruption and compartment syndrome. 

b) Intraoperative arteriography after fasciotomy, arterial 
repair with saphenous vein interposition and stabilization 


2-3: Subtrochanteric C1.1 fracture. 
a) Indirect reduction with plate and bridging of fracture 
zone. Large intermediate fragment deliberately left 
unreduced. No bone graft. 
b) Postoperative x-ray. 


of the radial shaft by a long LC-DCP 3.5 through a d) Follow-up x-ray after 3 months with 
Henry approach. adequate indirect bone healing. 

c) Postoperative x-ray showing the bridging plate on 

the radial shaft to correct length, axis, and rotation. 

Three major fragments are held by additional lag 

screws. Functional aftercare. 


c) 21 weeks postoperatively. 

d) 7 months postoperatively with gradual filling of bone 
defect. 

e) At 24 months and after implant removal. Complete 
reconstitution of cortical continuity, massive stable callus. 
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The common denominator in all bridge 
plating is the use of the plate as a splint on the 
outside of a bone, in the same way as a nail 
which splints the bone from within. Splintage 
of complex fractures has been a principle for a 
number of surgeons over many years, but has 
only recently become accepted as a recom- 
mendable concept and a principle to be taught. 
The wave plate (Fig. 3.3.2-4), with its central 
curved segment, provides three theoretical 
advantages for the treatment of fractures: 

a) by reducing interference with the 
vascular supply to the fracture site by 
avoiding bone contact, 

b) by providing excellent access for the 
application of a bone graft at the 
fracture site, 

c) by altering the load to pure tension 
forces on the plate. 


In practice, either end of a 
bridge plate is solidly fixed to 
the main fragment by three 
to four screws. Strength of 
fixation to each main frag- 
ment should be balanced. 
Long plates bridging an ex- 
tensive zone of fragmentation 
with only short fixation on 
either end of the bone will 
undergo considerable defor- 
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Fig. 3.3.2-4: Wave plate 
allowing for grafting of 
lateral defect. 


mation forces. As bending stresses are distri- 
buted over a long segment of the plate, the 
stress per unit area is correspondingly low, 
which reduces the risk of plate failure. In short 
fractures, repetitive bending stresses will be 
concentrated and centered on a short segment 
or screw hole of the plate, which will thereby 
break more easily due to fatigue (Fig. 3.3.2-5). 
The risk of mechanical failure can be consider- 
ably reduced if longer plates are used despite 


Fig. 3.3.2-5: Illustration of “stress concentration” 
(a) and “stress distribution” (b) on the model of a 
strip of plywood. 
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short zones of comminution, so that stresses are 
deliberately distributed over a proportionately 
longer section of the plate. This is accomplished 
by fixing the plate end well away from the 
fracture. The entire construct becomes “elastic”, 
and even simple fracture patterns can be success- 
fully bridged [14, 15]. Furthermore, the bridging 
concept using plates has been supported by 
new developments in plate design, such as the 
LC-DCP, PC-Fix, and LISS (see chapters 3.2.2 
and 3.4). These new implants are designed 
to minimize the area of contact between 
plate and bone, and they also display an 
even distribution of strength throughout 
the plate, thereby eliminating stress raisers 
at a screw hole. 


4 Soft-tissue 
~ considerations 


As already stated, biological plating serves to 
preserve the vascularity around the fracture 
area, resulting in more rapid and abundant 
callus formation as observed in nailing or in 
non-operative fracture treatment. However, the 
success in using this operative approach de- 
pends very much on how the surgeon handles 
the soft tissues and on how well the anatomical 
characteristics of any given fracture have been 
taken into consideration during the planning of 
surgery. 

Ideally, the muscle envelope over the frac- 
ture site, for example, in the femur; the vastus 
lateralis muscle, is elevated from its insertion to 
the intermuscular septum by blunt dissection. 
The periosteum is left untouched and the perfo- 
rator vessels are not ligated, while the plate is 
pushed through a tunnel between remaining 
muscle fibers and the bone. The exposure can 


safely be extended to control plate position and 
fracture alignment at either end of the long 
bridging plates where close contact between 
bone and plate is necessary. This technique 
enables the surgeon to avoid long incisions by 
restricting the exposure to the area of the bone 
required for plate fixation [16-18]. Thus, plat- 
ing becomes a semi-closed technique. This 
principle can, however, not be applied to every 
long bone. Tunneling is not feasible in the 
humerus because of the different tendinous 
muscle insertions anteriorly and the course of 
the radial nerve posteriorly. Similar consid- 
erations apply to the radius. In the tibia a plate 
can be introduced subcutaneously on the 
medial side. There should, however, not be too 
much tension on the delicate skin cover [19]. For 
placement lateral to the tibial crest, somewhat 
more dissection with a sharp elevator is necessary. 
Screws are easily introduced through stab in- 
cisions. 

Other areas of interest for minimal access 
plating include the distal femur or the proximal 
tibia [16]. Both locations, however, have distinct 
anatomical characteristics requiring precision 
not only in positioning, but also in contouring 
the plate. The surgeon may find it necessary to 
combine open reconstruction of the articular 
components with submuscular positioning of 
the plate on the adjacent shaft of the bone, 
where plate contouring is unproblematic. If 
difficulties occur, a conventional approach 
is advisable which still allows careful handling 
of the soft-tissue cover and minimal exposure 
of the bone itself. Even when using biological 
techniques, the surgeon must always be mindful 
of whatever soft-tissue damage was caused by 
the initial trauma. This consideration seems to 
preclude the use of standard instruments usually 
helpful in making an exposure. Hohmann re- 
tractors and reduction tools such as Verbrugge 


Plating becomes a semi-closed 
technique. 


Use LC-DCP, PC-Fix, and LISS 
for bridge plating. 


If difficulties are anticipated, a 
conventional approach is 
advisable. 
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Biological techniques are 
supported by good clinical 
studies. 


clamps should not be used. We recommend 
pointed reduction forceps, ball spikes, picks, and 
awls as instruments for bone manipulation and 
Langenbeck retractors for the soft tissues. 

In grade 111 open fractures or closed injuries 
with considerable soft-tissue contusion, bridge 
plating is not the first choice for fixing a 
multifragmentary fracture in the emergency 
situation. Here, we prefer external fixation or 
the use of an unreamed nail (see chapters 3.3.3, 
3.3.1 and 5.1). The management of such difficult 
fractures is most demanding and requires much 
experience, as well as careful planning of all the 
many options and tactical steps. 


5 Experimental 
verification 


Numerous clinical studies have demon- 
strated excellent results when applying the 
biological or bridging technique of plating 
[10, 16, 18, 20-24]. 

In addition, animal experiments were per- 
formed to study the effect of biological plating 
in multifragment subtrochanteric fracture in 
sheep in order to compare anatomical reduction 
with various forms of indirect reduction fol- 
lowed by bridge plating [25]. Compared to the 
open, anatomically reduced group, the indirect 
reduction group healed with greater bone mass 
and higher breaking resistance, resulting in a 
decrease in the failure rate due to other causes. 


6 Summary 


Whenever the indication for plating of complex, 
multifragmentary fractures has been estab- 
lished, indirect reduction techniques in combi- 
nation with bridge plating have proved, experi- 
mentally and clinically, to optimize the overall 
results. The classical former concept of direct 
anatomical reduction and rigid fixation by inter- 
fragmentary compression should therefore be 
reserved for simple type A and B fractures that 
are not considered for intramedullary nailing. 
With newly developed implants (PC-Fix and 
LISS), the trend to minimal access surgery con- 
tinues, so that submuscular tunneling and plate 
introduction will be facilitated with other re- 
duction tools and instruments for endoscopic 
viewing. A prerequisite for successful biological 
plating is, however, a sound knowledge sup- 
ported by practical experience in the art of 
conventional compression plating. 
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8 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/332.htm 
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Alberto Fernandez Dell’Oca 


1 Introduction 


An external fixator is a device placed out- 
side the skin which stabilizes the bone frag- 
ments through wires or pins connected to 
one or more longitudinal bars/tubes. When 
wires are used they must be under tension. This 
requires rings or half rings. 

One of the main characteristics of external 
fixators is skin penetration creating so-called 
pin tracks. Most of the disadvantages of external 
fixation are related to pin-track complications 


[1]. 
Advantages 


e Less damage to blood supply of bone. 

e Minimal interference with soft-tissue 
cover [2]. 

e Useful for stabilizing open fractures 
(see chapter 5.1). 

e Rigidity of fixation adjustable without 
surgery [3]. 

e Good option in situations with risk of 
infection. 

e Requires less experience and surgical 
skill than standard ORIF. 

¢ Quite safe to use in cases of bone 
infection. 


External fixation 


Disadvantages Thanks to its position “outside” 
the soft parts, the external 
fixator is a safe device for 
stabilizing all sorts of different 


fractures. 


* Pin and wires penetrating the soft 
tissues. 

e Restricted joint motion. 

e Pin-track complications in long-lasting 
external fixation. 

e Cumbersome and not always well 
tolerated. 

e Limited stiffness in certain locations 
(e.g., femur fracture in adults). 


2 Biomechanical aspects 


2.1 Components of standard 
external fixators 


(Fig. 3.3.3-1) 


The main components of external fixator 
systems are: 

e Pins (Schanz screws/Steinmann pins). 

e Stainless steel tubes or carbon fibre rods. 
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e A variety of clamps to fasten pins/wires There is a variety of pins/wires available: 
to tubes/rods. e Steinmann pins for bilateral frames. 

e Clamps to connect tubes/rods to tubes/ ¢ Schanz screws, either self-drilling or 
rods. requiring pre-drilling. 


e Schanz screws with small diameter tips 
for use in small bones. 

¢ 2.0 and 1.8 mm K-wires (olives) for 
ring fixator. 

* Threaded K-wires for the small external 
fixator [4]. 


The two main systems are the standard 
tubular/rod external fixator and the small 


Only few components are external fixator. 


needed for the standard 
external fixator. 


Fig. 3.3.3-1: 

Components of tubular and 
small external fixators: 

a) Adjustable open clamp. 

b) Tube-to-tube clamp. 

c) Stainless steel tubes, carbon 
fibre rods. 

d) Different pins, Schanz screws. 
e) Small external fixator. 
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The standard tubular system is employed for 
treatment of fractures in large bones, for arthro- 
desis, and for bone lengthening and transport 
systems. The small external fixator is used 
mainly for fractures of the distal radius and 
forearm as well as for fractures in children and 
adolescents. 

Thanks to its modular concept, the external 
fixator with its different components can be 
employed in many different configurations and 
constructs, which allows a unique versatility 
(see section 4). 


b) 


= 


2.2 Stiffness of the frame 


Stiffness of the frame depends upon the follow- 
ing factors: 
e Distance of pins/Schanz screws 
- from the fracture line: the closer the 
better (x), 
- within each main fragment, the 


further apart the better (y). 
¢ Distance of longitudinal connecting tube/ 
bar from bone: the closer the better (z). 
» Number of bars/tubes: two are better 
than one. 
¢ Configuration: unilateral/V-shaped/bi- 
lateral or triangular frame (Fig. 3.3.3-2). 
* Combination of limited internal fixa- 
tion (lag screw) with external fixation. 
Insufficiently stable external fixation may 
delay fracture healing and lead to pin loosen- d) Fixation which is either too 


ing. However, too much stiffness or rigidity elastic or too rigid can delay 


| 
E E 
=a 


= => = c) 
— 


ig 
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of the external fixator construct may also fig, 3.3.3-2: Different constructions of external fixators: fracture healing. 
delay fracture healing, especially in open a) Unilateral uniplanar single tube fixator. 
fractures. b) Modular construct with 3 tubes: a useful configuration 


with wide applications. 
c) Bilateral frame: now seldom used. 
d) Unilateral biplanar frame. 


In the management of such fractures it may 
be necessary to “dynamize” an initially quite 
stable configuration or add stability in case of 
pin loosening [5-10]. 


2.3 Types of external fixators 


(Fig. 3.3.3-2) 
e Pin fixators: 
- unilateral, 
- V-shaped, 
- bilateral frame, 
- triangular. 
¢ Ring (wire fixators). 
e Hybrid fixators (wire and pin). 
e Pinless external fixator. 
e Mefisto. 
2.3.1 Hybrid external fixator 
(Fig. 3.3.3-3) 
The hybrid external fixator is a construct used 
in fractures close to a joint. It is called “hybrid” 
because it combines wire fixation (3/4 ring 
fixator) with pin fixation (unilateral fixator in 
the diaphysis). It requires K-wires for the half- 
ring and conventional Schanz screws for the 
shaft. There are K-wires with an olive which 
allows for fragment adaptation by applying some 
compression (Video AO20166Ba). 


Advantages 
e Minimally invasive alignment of simple 
articular fractures. 
¢ Better anchorage of thin wires than of 
conventional pins in cancellous bone. 
e Free postoperative joint motion. 
e Can be combined with lag screws. 


Disadvantages 
e Risk of articular infection. The proximity 
of K-wire pin tracks to a joint may be 
hazardous [11]. 
e Radiopaque ring may obstruct x-ray 
assessment of the reduction in standard 
x-ray views. 


Fig. 3.3.3-3: 
Hybrid fixator shown 
here on a tibial plateau 
fracture, but useful in 
other juxta-articular 
tibial fractures. 


Video AO20166Ba 
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Hybrid ring fixators have been mainly used 
in type A and B fractures of the proximal and 
distal tibia, either free-standing or to protect a 
lag screw internal fixation [11]. 

It is not easy to insert a hybrid fixator cor- 
rectly in an articular fracture, nor is it a quick 
procedure. It may therefore be done as a second 
step, for example, in polytraumatized patients 
or open fractures after initial joint-bridging 
fixation. 


2.3.2 Pinless fixator 
(Fig. 3.3.3-4) 
The main goal of the pinless fixator design was 
to avoid penetration of the medullary canal, 


thereby reducing the risk of deep infection in 
case of secondary intramedullary nailing. 


oe" Video AO20166Bb 


The sharp points of the forceps-like fixator 
are applied to the bone by a rocking motion and 
should only penetrate the cortex superficially. 
Forceps of varying sizes and shapes are available 
to adapt to the triangular cross-section of the 
tibia at different levels (Video AO20166Bb). 

Once the forceps are well anchored in the 
bone, the fracture is reduced and the four 
forceps are connected by a simple bar or as a 
tube-to-tube arrangement. 


Fig. 3.3.3-4: 


b) Correction through 


of one pinless clamp. 


a) Pinless external fixator 
applied to a tibial fracture. 


lower leg showing position 
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2.3.3 Mefisto 
(Fig. 3.3.3-5) 


The Mefisto is a recently introduced external 
fixator. It was designed mainly for limb length- 
ening and bone transport. Thanks to the modu- 
lar configuration it proved also to be a very 
useful tool for the management of fractures. 


zi) Surgical technique 


3.1 Pin insertion technique 


In order to avoid tendon penetration or injuries 
to nerves, vessels, and muscles, the surgeon 
must be familiar with the anatomy of the differ- 
ent cross-sections of the lower leg and make use 
of the recommended pin placement sites [11, 
12] (Fig. 3.3.3-6 “safe pin sites”). 


Fig. 3.3.3-5: a) Mefisto (monolateral 
external fixation system for trauma and 
orthopedics}: Carbon fiber tube with 
simple clamps. b) Aluminum central 
body with standard clamps tibia. 
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Fig. 3.3.3-6: 

a) Safe zones in different 
levels of the tibia as 
described for application of 
the external fixation pins. 


\ 


3.1.1 Diaphyses 


It is important to avoid heat damage to 
the bone when inserting a pin or Schanz 
screw into hard cortices. The sharper the drill 
bits or screws, the less heat is generated. The 
temperature rises as insertion speed increases 


[1]. 


bone model. 


Burning the bone can be a serious problem 
and may result in early loosening due to ring 
sequestrum formation. A correctly inserted pin 
or screw should catch the opposite cortex but 
not protrude too far past it. Correct depth inser- 
tion may be achieved by feeling the opposite 
cortex (probably the best way), using measur- 
ing gauges (fairly difficult), or by intraoperative 
x-ray (which may be misleading). 


b) Standard unilateral external fixator on 
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If the inserted Schanz screw points to the 
opposite cortex without reaching it, it may be 
short or the image misleading. If the control 
x-ray shows an empty hole in the opposite 
cortex, the screw has not been inserted far 
enough (Fig. 3.3.3-7). 

There is no way to build a solid frame 
over poorly inserted pins. 


3.1.2 Metaphyses 


In metaphyseal bone heat generation is not 
such a problem. Since it is easy to miss the pre- 
drilled hole, the use of self-drilling screws may 
be safer. Joint involvement must, however, 
be avoided because of the danger of pin-track 
infection which could progress into the joint. 
When inserting a pin or Schanz screw it is 

important: 

e not to injure nerves or vessels, 

¢ not to place them into the joint, 

e to avoid the fracture line, 

* notto “burn” the bone, 

e¢ to insert a screw of the correct length, 

e to use self-drilling screws in 

metaphyseal bone. 


a) b) 


Fig. 3.3.3-7: Deceptive x-ray appearances: short pin not 
reaching opposite cortex showing empty screwhole. 
a) AP, b) oblique view. This will result in instability. 


3.2 Frame construction 


Depending on what is easier and on local prior- 
ities, the fixator is applied after reduction (re- 
duction first) or the fixator is used as a reduction 
tool (fixator first). For the latter technique a 
modular frame (Fig. 3.3.3-8) construction is 
required. 

A pair of pins is inserted into each main 
fragment and joined by a short tube or rod. The 
two tubes or rods are then connected by a short 
third tube and two special tube-to-tube clamps. 
This construct allows the surgeon to manipulate 
and reduce the fracture and to hold it after 
reduction [13] (Video AO20166Bc). 


Advantages 


Free pin placement allowing the surgeon: 
¢ to spread both pins, increasing frame 
stiffness, 
e to position pins according to the fracture 
pattern or soft-tissue injury, 
e to avoid injury to nerves or vessels. 


oe" Video AO20166Bc 
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Fig. 3.3.3-8: 

a) Schema illustrating the “fixator first” protocol for a complex open fracture. 

b) In each main fragment two pins are inserted according to the soft-tissue conditions. 
c) Fixed to a bar by universal clamps two “handles” are obtained for reduction. 

d) After reduction the two bars are united by a third tube and two tube-to-tube clamps. 
e) The fibula has been plated adding stability. 


The application of the external fixator “first” Every large long bone can be fixed with this 
means reduced x-ray time. This type of fixator technique using few components and only 
can even be applied without x-ray facility or three tubes. This is useful when there are only 
image intensification in the OR, since minor limited resources, in situations of catastrophe, 
improvements of reduction and axial alignment or in a patient with multiple injuries or frac- 
can be made later on without the need of tures. 
anesthesia or more surgery. 
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External fixation is the gold 
standard in open fractures, 
avoiding additional damage to 
an already compromised limb. 


Tube-to-tube clamps have a better grip on 
stainless steel tubes than on carbon fiber rods; 
the latter should therefore be double-stacked 
(Fig. 3.3.3-9). 


Fig. 3.3.3-9: In high-stress situations carbon fiber rods, 
(CFR) for modular frames should be double-stacked 
(holding power of tube-tube clamps on CFR is not so 
high as it is on stainless steel tubes). Example on a 
femur. 


4 Indications for external 
fixation 


4.1 Open fractures 


External fixation is only one possibility for 
skeletal stabilization in open fractures. It is, 
however, a very useful device for managing 
such injuries and still the gold standard, with 
the following relevant advantages: 

It offers the possibility of atraumatic inser- 
tion, avoiding additional damage to the soft 
tissues and bone vascularity already com- 
promised by the injury. 

It is advisable to apply the fixator using 
the modular technique as already mentioned 
(Fig. 3.3.3-8), thus avoiding the use of bone 
forceps, retractors, etc. 

Furthermore, it does not compromise any 
secondary procedure and is rapidly applied in 
the emergency situation, even in the hemo- 
dynamically unstable patient [2]. 

In long oblique spiral fractures, a pointed 
reduction clamp, gently applied percutaneously 
to the bone, may be used to improve and hold 
the reduction temporarily while the fixator is 
aligned and tightened. 

Lag screws are to be used only exceptionally 
when dealing with open fractures. They may be 
required in very long oblique spiral fractures or in 
the presence of a large well-vascularized third frag- 
ment, which lends itself to fixation (Fig. 3.3.3-10). 

In the tibial fracture, the pinless fixator (see 
Fig. 3.3.3-4) may be a valuable alternative. Its 
main advantages are that the medullary canal 
is not opened or penetrated since the clamps 
(forceps) are anchored in the cortex only. This 
allows for safe, secondary intramedullary nailing. 
Fixation with the pinless system is, however, 
somewhat less stable. 
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4.2 Closed fractures 


In closed fractures, external fixation is rarely 
indicated, except in severe polytrauma (ISS > 40), 
severe closed contusions or degloving, for tempo- 
rary joint bridging, as well as in children. 


4.3 Polytrauma 
a) In severe polytrauma (ISS > 40) (see chapter 5.3), In polytrauma, ISS > 40, exter- 
external fixation may be the most adequate nal fixation is the safest means 
way to initially stabilize multiple fractures; to stabilize multiple long bone 
being minimally invasive it should not add any fractures temporarily. 
additional surgical insult to the patient. External 

fixation can deal with almost every long bone 

fracture except the proximal femur or humerus. 

The main advantages of this approach lies in the 

rapid achievement of stability, which helps in 

pain control, decreases bleeding, and facilitates 

nursing care. 


4.4 Children’s fractures 


In children, whether following polytrauma Pediatric fractures are good 
or not, there may be good indications for indications for external 
external fixation, especially in the lower limb fixation. 

or in case of open fractures. One must avoid 

going through the growth plate with a pin, 

whereas relatively small implants (small ex- 

ternal fixator) may be sufficiently rigid even on 

the tibia or humerus. 


b) 


Fig. 3.3.3-10: The modular frame used 
in association with lag screw employed: 
a) to hold a large vital butterfly bone 
fragment, 

b) to restore joint surface. 
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4.5 Special indications— 
articular fractures/joint 
bridging 


Perfect joint reconstruction and a stable fixation 
with interfragmentary compression allowing 
early pain-free motion are the treatment goals 
for articular fractures. This goal can be reached 
by ORIF or in simpler fracture patterns by a 
combination of interfragmentary lag screw fixa- 
tion with an external or hybrid fixator. These 
two options are recommended in cases of open 
or closed fractures with severe soft-tissue com- 
promise (Fig. 3.3.3-11). 


Furthermore, the external fixator can be 
applied in a joint-bridging fashion, usually as a 
temporary measure in order to protect the 
delicate soft-tissue cover in unstable or complex 
articular fracture, or joint dislocations which do 
not allow a more definitive internal fixation. 

Except for the shoulder, any major joint can 
be bridged in this way [14]. 

Bridging external fixation of the wrist in 
complex or open distal radius fractures is a 
standard procedure (see chapter 4.3.3) [15]. In 
this situation the external fixator is used first to 
reduce the fracture indirectly by distraction 
(ligamentotaxis) and then to hold the fragments 
in place. Care has to be taken, however, not to 
overdistract the wrist joint or to maintain dis- 
traction for a prolonged period of time (maxi- 
mum 3-4 weeks) [15, 16]. 


Fig. 3.3.3-11: A bridging 
frame used to protect a 
potentially unstable elbow. 
a) Complex proximal 
forearm fracture. (Note the 
displaced radial head and 
the floating coronoid 
process.) 

b) The ulna has been 
plated and the still unstable 
elbow is bridged with a 
temporary external fixator. 
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In open tibial shaft fractures, bridging ex- 
ternal fixation is frequently applied to the first 
metatarsal in order to hold the foot and ankle 
in neutral position (see Fig. 3.3.3-10b). 

As joint-bridging external fixation is 
usually only a temporary measure, careful 
planning of pin placement is essential in 
order not to compromise or interfere with 
definitive internal fixation I-2 weeks later. In 
case of large soft-tissue defects, consultation 
with a plastic surgeon is recommended to avoid 
compromising the access for later reconstructive 
procedures. 


5 Postoperative treatment 


5.1 Pin-track care 

Pin-track care starts with correct pin inser- 
tion. Undue soft-tissue tension around the pins 
must be released during surgery. Correct care 
of the pin-track sites is important for reducing 
the risk of pin-track complications [1]. Daily 
cleansing and desinfection with Betadine paste 
is recommended. 


Fig. 3.3.3-12: X-ray appearance of 
bone resorption around a loose pin. 


In case of persistant pin-track infection the 
pin has usually lost its firm hold in the bone. 
On x-ray a seam of bone resorption can be 
observed and mechanically the pin appears 
“loose”. Only change of the pin to a new site 
can solve the problem (Fig. 3.3.3-12). 


5.2 Change to internal 
fixation 


The advantages of the external fixator as an 
emergency device in open fractures and poly- 
trauma patients are well established. For the 
definitive treatment of a fracture with external 
fixation, there are, however, major drawbacks, 
such as the bulk of the device, its discomfort, 
the need for daily pin care, and the possible 
limitation of joint movement. The patient’s 
wish to change to an internal stabilization is 
therefore understandable. 


5.3 Timing of the procedure 


Intramedullary nailing, preferably without 
reaming, is considered safe if performed 
within the first 2 weeks after external 
fixation, provided the pin sites are clean 
without signs of infection. If the change to 
intramedullary nailing is decided later than 2 
weeks or in case of pin-site infection, it is 
advisable to remove the external fixator, curette 
the pin tracks, and place the limb in a plaster 
cast until all signs of infection are gone. An 
alternative may be to replace the standard 
external fixator by a pinless device. 

Where plating is planned, the fixator may be 
kept a week or two longer prior to change; 
however, here too the pin tracks should be 
clean! 


Joint-bridging external fixation 
has to be planned carefully in 
order not to compromise later 
ORIF. 


Pin-track care starts with 
correct pin insertion. 


A change to internal fixation 
(intramedullary nail or plate) 
should occur not later than 

2 weeks after external fixation. 
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6 Special applications 


6.1 Arthrodesis 


One of the first applications of external fixation 
was for ankle fusion by applying compression 
through a bilateral frame. This principle is also 
used for knee and elbow fusion, especially in 
case of infection [17]. 


6.2 Infection 
(see chapter 6.1) 


In acute or chronic infection, external fixation 
may be the ultimate way of stabilizing an in- 
fected fracture or non-union, as the pins can 
usually be inserted away from the infected 
focus. Techniques and guidelines are essentially 
the same as for fresh fractures. 


6.3 Limb lengthening/ 
bone transport 


(see chapters 6.3 and 6.4) 


The technique of distraction osteogenesis was 
introduced by Ilizarov with the ring fixator [18]. 
The same technique can also be applied using 
the tubular external fixator and the Mefisto, 
with the limitation, however, that angular and 
rotational corrections cannot be performed 
simultaneously. 


6.4 Corrective osteotomies 
(see chapter 6.4) 


External fixation for osteotomies should only be 
used in case of poor or compromised soft-tissue 
cover, or in combination with bone transport; 
in other circumstances there are better ways 
and techniques, in particular, plating. 
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1 Introduction 


In the preceding chapters the conventional 
techniques of intramedullary nailing, plating, 
and the use of the tension band, as well as 
external fixation have been described, all of 
them having specific indications and a firm 
position in the growing field of operative frac- 
ture fixation. 

The introduction some 10 years ago of bio- 
logical bridge plating in combination with in- 
direct reduction techniques was considered by 
some to be an important and welcome evolu- 
tion, but by others [2, 5, 6] as a revolution 
against rigid AO principles. 

It had become evident that in the cortex 
directly underneath a plate, and to a lesser 
extent in the vicinity of an intramedullary nail, 
considerable structural changes occur. These 
changes were first attributed to so-called stress 
protection by a metallic implant much more 
rigid than bone. Further research [1, 3] gave rise 
to the theory that disturbed blood flow within 
the cortical bone was responsible for the intense 
remodeling processes that could be observed 
underneath every plate that was pressed against 
bone by screws (see chapter 1.2). 


Internal fixation: a new technology 


Reducing the area of contact between plate 
and bone, as achieved by the new LC-DCP 
design, significantly reduced the vascular changes 
caused by pressure on the cortex. However, the 
LC-DCP also has to be pressed against the bone 
in order to fulfill its function by increased friction. 

In order to abolish the ill effects of any 
plate to bone contact, a completely dif- 
ferent approach had to be chosen. With the 
introduction of screws or bolts that rigidly lock 
into the plate hole when driven home, the plate 
is no longer pressed against the underlying 
bone [4]. Furthermore, the use of unicortical 
self-tapping screws seemed, in im vitro experi- 
ments, equally as effective as external fixation 
in obtaining a stable construct [4]. In a way 
similar to the principles of external fixator (see 
chapter 3.3.3) this new and quite different 
technique of applying a plate has been 
termed the internal fixator system, as the 
implant functions more like a fixator than 
a plate, while the whole construct is cov- 
ered by soft tissues and skin. 

Such devices, since they are designed to 
avoid the ill effects of conventional plating, 
might be expected to offer a higher resistance 
to infection and other complications. 


To prevent the pressure of a 
plate against bone a com- 
pletely new system was 
chosen: the internal fixator. 


This new device functions as a 
subcutaneous or submuscular 
external fixator. 
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2 PC-Fix 
(point contact fixator) 
The first implant designed to The first implant designed to fulfill the new 
fulfill the new requirements requirements was the small PC-Fix for fore- 
was the small PC-Fix for arm bones. The PC-Fix consists of a narrow 
forearm bones. plate with a specially designed undersurface 


having only small points that come into contact 
with bone (Video AO20168a). The screws are self- 


PC-Fix has been tested in 
more than 1,000 fractures with 
very promising results. 


oe! Video AO20168a 


jaos Video A020168b 


tapping and unicortical and are available in one 
length only. The screw head locks firmly in the 
plate hole with a fine thread (Video AO020168b). 

As in biological plating, long implants with 
few screws are applied to fractures which have 
already been adequately reduced and axially 
aligned, because the plate as such cannot be 
used as a reduction tool, or to obtain inter- 
fragmentary compression. For surgeons accus- 
tomed to conventional plating, this is a major 
change, acceptance of which may require a little 
time. The PC-Fix plate can, if necessary, be 
gently contoured to meet the shape of the bone 
(Video AO20168c). So far, this new fixator system 
has been tested in several clinical studies in 
over 1,000 fractures, mostly of the forearm, 
with very promising results. Once the pro- 
cedure has been learned, the healing rate is 
consistently high and reliable (Fig. 3.4-1). 

A larger PC-Fix version for other long bones 
(tibia and humerus) is under development. 


o Video A020168c 
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3 LISS (less invasive 
stabilization system) 


While the PC-Fix has limited applications in 
the metaphyseal and epiphyseal areas, the LISS 
(Fig. 3.4-2) was conceived for precisely these 
regions—initially for the distal femur and later 
for the proximal tibia. Its shape conforms to the 
anatomical contours of the specific area of the 
bone so separate implants are required for the 


Fig. 3.4-1: Clinical example of PC-Fix: 

a) Complex Monteggia-type fracture of the ulna with 
associated radial head dislocation in a 40-year-old male. 
b) Reconstruction of ulna with a 12-hole PC-Fix and one 
independent lag screw. The radial head reduced 
spontaneously and was left untouched. Functional 
aftercare. 

c) One year follow-up with well-healed fracture and 
excellent elbow function. 
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LISS was designed for the distal 
femur and proximal tibia, to be 
inserted a la MIPO (minimal 
invasive plate osteosynthesis). 


right and left sides. Additional contouring is not 
required as the “plate” fixator does not neces- 
sarily need to touch the bone. In addition to the 
locked unicortical screws, this implant is de- 
signed and instrumented for application via a 
minimally invasive submuscular approach [7, 8] 
(Video AO90063) (see chapter 4.6.3). 

As with the PC-Fix, the fracture must be 
adequately reduced and aligned prior to the 
application of the LISS. This is especially true 


Fig. 3.4-2: Less invasive stabilization system. 

a) LISS fixator applied to lateral aspect of distal femur. 
b) The self-tapping bolts (long in metaphysis and 
epiphysis, short in diaphysis) are locked in the plate 
when driven home, thereby providing angular stability. 
c) Arrangement and direction of bolts in the metaphysis 
and epiphysis. 


for the articular components of the distal femur 
or proximal tibia which must be anatomically 
reconstructed and held by plate-independent 
lag screws. The LISS can accommodate long, 
fully threaded self-tapping screws that are locked 
in plate holes when driven home, thereby pro- 
viding the attributes of a fixed-angle device. 
The insertion handle for submuscular inser- 
tion of the long plate also serves simultaneously 
as a drill guide for precise screw placement 
through separate small incisions (Fig.3.4-2d). 


d) To be introduced with minimal exposure underneath 
the lateral vastus muscle, the fixator plate is mounted on 
a handle which acts as a guide to the percutaneous 
placement of the bolts. 


3.4 Internal fixation...—A. Fernandez, P. Regazzoni 


68% Video A090063 


In summary, the new internal fixator systems 


LISS and PC-Fix 


constitute a completely new, but 
promising alternative to conventional 
plating, 

preserve vascularity of bone in an 
optimal way, 

should have a better resistance to 
infection than conventional plates, 
are designed to be inserted in a mini- 
mally invasive fashion (LISS only), 
provide a fixed-angle plate screw device 
consisting of two components for easy 
application in complex fractures, 

are, because of their self-tapping, 
unicortical screws, easily and rapidly 
applied to a reduced fracture. 


Updates and additional references for this chapter 
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if Scapular fractures 


In 1805 Desault produced what was probably 
the first ever report on scapular fractures. Since 
then only a small number of studies have been 
published, thus confirming the rarity of these 
fractures, accompanied as they are by a high 
incidence of associated ipsilateral chest injuries 
[1-4]. 

Closed management has been the rule 
for the vast majority of these fractures. 
More recent studies, however, have raised some 
questions about this approach to their man- 
agement. 


1.1 Assessment of fractures 
and soft tissues 


Shoulder contusions and skin marks are tell- 
tale signs. The most common fracture type, re- 
presenting about 35% of all scapular fractures, 
occurs in the body of the scapula. Fractures of 
the scapular neck are second in frequency. 
Injuries to the scapular spine, glenoid, and 
acromion are about equal in incidence. A high 
proportion of these particular injuries show 
complex multiple fracture patterns. 


Scapula and clavicle 


Blunt trauma frequently results in combi- 
nation fractures of the clavicle and the scapula, 
but there is also a 25% incidence of injury to 
the ipsilateral chest wall. The overall incidence 
of pulmonary injuries from this high-energy 
complex trauma is 37%, mostly hemopneumo- 
thorax and lung contusion. 

An incidence of 8% of skull fractures and 
12% cervical spine injuries has been documen- 
ted [4, 5]. Clearly, in many cases, the scapular 
fracture per se is not to be considered an “iso- 
lated injury” but as the centerpiece of a regional 
injury. 

Scapular fractures are classified (Fig. 4.1-1) 
on the basis of their anatomy [6-9]. We can 
distinguish between stable and unstable 
extra-articular and intra-articular fracture 
patterns. Stable extra-articular fractures com- 
prise injuries of the scapular body and processes, 
and can be simple or fragmented. Fractures of 
the scapular neck, in spite of some displace- 
ment, usually appear to be stable and so fall into 
this category. 

Unstable extra-articular fractures of the 
scapular neck are typically associated with a 
displaced fracture of the midshaft of the ipsi- 
lateral clavicle (see Fig. 4.1-5a). This combination 
may make the entire shoulder girdle unstable 
and gives it a tendency to rotate caudally due to 
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Closed management has been 
the rule for the vast majority of 
scapular fractures. 


Distinguish between stable 
and unstable extra-articular 
and intra-articular fractures. 


a 


09-A2.3 09-A3.2 


Fig. 4.1-1: OTA Classification 
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Indications for operative 
management are displaced 
and unstable fractures of the 
scapular neck. 


the weight of the arm. The severe force neces- 
sary to cause such a complex injury often results 
in a fracture of the upper three to four ipsilateral 
ribs and may also damage the neurovascular 
bundle including the brachial plexus [10]. 

Such a fracture combination deserves the 
label “floating shoulder’. 

Intra-articular fractures are much less com- 
mon and mostly present with a transverse 
fracture line through the entire glenoid. 

Glenoid rim fractures are in general asso- 
ciated with a dislocation of the shoulder and 
have to be considered as an integral part of post- 
traumatic shoulder instability [11]. 


1.1.1 Indications 

The unconstrained structure of the shoulder 
and associated joints results in unique axial and 
rotational mobility. At less than 90° of abduction 
the deltoid muscle force generates a shear vector 
in the glenoid fossa. This force is neutralized by 
the rotator cuff muscle, which creates a stabi- 
lizing compressive force across the glenoid. If 
there is a change in the glenoid axis caused by 
fracture displacement, the lever arm of the 
rotator cuff muscles is altered, converting the 
compressive force into a shear or sliding force. 
The situation worsens markedly at about 45° or 
more of glenoid varus tilt. In addition, fracture 
of the scapular spine may cause rotator cuff 
dysfunction because the entire scapula collapses 
with shortening of the leverage of the rotator 
cuff muscles. 

It is evident that severely displaced and 
unstable fractures of the scapular neck 
with greater than 40° angulation in either the 
transverse or coronal plane or greater than I cm 
displacement are indications for operative 
management. In addition, the instability of 


the scapular neck is augmented by the displaced 
ipsilateral fracture in the clavicle, which is the 
ultimate stabilizer of the shoulder girdle. Frac- 
tures of the acromion and the coracoid process, 
if displaced greater than 5-8 mm, are indica- 
tions for surgery. 

Glenoid rim fractures and intra-articular 
glenoid fractures resulting in a remaining 
shoulder instability are indications for surgery. 
Intra-articular displacement of 3-5 mm is con- 
sidered enough to warrant operative reduction 
and stabilization. 


1.2 Surgical anatomy 


Attempt at surgical exposures, anteriorly or 
posteriorly, through limited approaches, will 
only prove frustrating and are not recommended. 

Structures at risk in the posterior approach 
are the axillary nerve as well as the humeral 
circumflex artery and the suprascapular nerve 
at the level of the scapular neck. 


1.3 Preoperative planning 


Accurate radiographic assessment and preoper- 
ative planning are essential factors for successful 
surgical treatment of scapular fractures. The 
chest x-ray, which should be taken in all multiple 
trauma cases, is used as a first screening. 

A true anterior/posterior x-ray and a lateral 
scapular view to assess displacement of the 
glenoid in the coronal plane, as well as a trans- 
axillary axial view, are essential minimum 
studies. In those cases with suspected fractures 
of the glenoid in combination with, or without, 
ipsilateral rib fractures, a CT scan and recon- 
struction views provide the needed information 
as to the best surgical approach, as well as to 
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determine the amount of displacement and the 
size of the fragments. In addition, the ipsilateral 
chest, its volume (pneumothorax?), as well as 
the chest wall with rib fractures are documented. 


1.3.1 Positioning and approaches 


Anterior approach: Details see chapter 4.2.1, 
Fig. 4.2.1-3 and Fig. 4.2.1-5. 

Anterior glenoid fragments and anterior 
glenoid rim fractures are approached through 
a standard Bankart dissection using the delto- 
pectoral incision. Again the axillary nerve under 
the undersurface of the deltoid as well as the 
neurovascular bundle medially are at risk. The 
patient is positioned in a beach chair position 
(see chapter 4.2.1, Fig. 4.2.1-4) with the arm 
draped free. Alternatively, the patient may be 
positioned supine with a radiolucent roll under 
the spine to allow the involved arm to extend. 
It is very helpful if a complete radiolucent oper- 
ating table is used to facilitate intraoperative 
radiographic imaging. In a large or muscular 
patient the coracoid process or the conjoint 
tendon of the short head of the biceps muscle 
and coracobrachialis muscle must be taken 
down in order to have satisfactory exposure of 
the medial extent of the neck of the glenoid. 

Posterior approach: Lateral decubitus 
positioning is preferable because of possible 
ipsilateral chest wall injuries. 

Posteriorly the extensile approach runs from 
the tip of the acromion along the inferior margin 
of the scapular spine to the medial scapular 
border, down which it curves to the inferior 
angle of the scapula (Fig. 4.1-2a). 

The posteromedial angle of the deltoid is 
sharply dissected from the spine and base of the 
acromion, leaving a small tissue border at the 
spine to facilitate reattachment. The deltoid is 


then folded very cautiously laterally because 
the axillary nerve and the circumflex artery are 
attached to its lateral border. The interface be- 
tween infraspinatus and teres minor offers an 
approach to the lateral margin and border of the 
scapula. With this approach, the inferior aspect 
of the base of the scapular spine, the base of the 
acromion, the lateral scapula border and the 
scapular neck are seen. If necessary, a small 
arthrotomy can be carried out to look at the 
posterior part of the glenoid (Fig. 4.1-2b). 


1.4 Surgical treatment— 
tricks and hints 


1.4.1 Fractures of the glenoid rim 


Isolated fractures of the anterior and/or inferior 
glenoid rim are usually associated with shoulder 
dislocations. Larger rim fragments should be 
provisionally stabilized with a K-wire and fixed 
with one or two 4.0 mm cancellous bone screws. 
The inclination of the glenoid fossa serves as a 
guide to the positioning of the K-wires, whether 
these are preliminary prior to screw fixation, or 
definitive for the siting of 4.0 mm or 4.5 mm 
cannulated screws. The soft tissue of the labrum 
is frequently disrupted and small washers may 
be helpful in reattaching it. 


1.4.2 Fractures of the glenoid fossa 


Undisplaced fractures are usually managed with- 
out surgery and show good functional results. 
Only unstable and displaced fractures of the 
glenoid need to be reduced and stabilized. For 
these fractures, which are mostly transverse 
through the glenoid, lag screw fixation with 
4.0 mm cancellous bone, or cannulated screws 
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Fig. 4.1-2a/b: Posterior approach to the 
scapula. 

a) Lateral decubitus, incision from the interior 
margin of the scapular spine to the medial 
scapular border and curved inferiorly along the 
medial border to the interior angle of the 
scapula. 1) Suprascapular nerve, 2) circumflex 
artery/axillary nerve. 


b) The deltoid muscle (3) is 
sharply dissected from the 
scapular spine and the base of the 
acromion with a small tissue 
border left at the spine to facilitate 
reattachement. The deltoid muscle 
is then carefully moved laterally, 
avoiding damage to the axillary 
nerve and circumflex artery. 
Approach the lateral margin of the 
scapula and the glenoid (4) by 
separating the infraspinatus (5) 
and the teres minor (6) muscle. A 
small arthroscopy is now possible. 
Be careful not to damage the 
suprascapular nerve (7). 
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provides enough stabilization for active range 
of motion postoperatively (Fig. 4.1-3). If the 
fragment size is large, a one-third tubular plate 
at the inferior lateral border, fixed with 3.5 mm 
cortex screws, is recommended. 


1.4.3 Fractures of the neck of the 
scapula 


Isolated fracture of the scapular neck 


Some minimally displaced fractures without 
involvement of the ipsilateral shoulder girdle or 
ipsilateral chest wall are treated with early 
functional aftercare. 

The inserting triceps muscle attachment at 
the infraglenoid tubercle may pull the glenoid 
distally and tilt it laterally (Fig. 4.1-4). 

Depending on the fragment size and the 
fracture pattern the implant choice lies between 
independent lag screws (see Fig. 4.1-3b) and a 
buttress plate. With the posterior approach, the 
individual lag screws can be driven into the 


Fig. 4.1-3: 

a) Transglenoid fracture 
with marked dislocation 
of the fragment. 

b) Reduction by partially 
open joint capsule, 
temporarily fixation with 
a K-wire and fixation 
with two lag screws. 


Fig. 4.1-4: Isolated scapular neck fracture lateral to the 
coracoid. The fragment is displaced by the force of the 
triceps muscle traction. 


tubercle from behind. Larger fragments should 
be buttressed posteriorly with a one-third 
tubular plate, pressing the articular fragment 
against the proximal lateral border of the scapula. 
Combining the plate with a 3.5 mm cortex lag 
screw increases the stability of the fixation. 
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First step to restore stability: 
fix the clavicle. 


Combination fractures with scapular neck 
fractures 


When a fracture of the clavicle and/or rib frac- 
tures combined with a displaced scapular neck 
fracture occur on the same side, the shoulder 
girdle becomes unstable (see Fig. 4.1-5a). The 
weight of the arm drags the shoulder, as well 
as the chest wall, distally and anteriorly, which 
may compromise the chest volume. How much 
the scapular neck is displaced and how unstable 
it is depends on the integrity of the coraco- 
clavicular and acromioclavicular ligaments. 
Associated injuries of the brachial plexus are 
very common in those circumstances. 

The first step to restore the stability is 
to fix the clavicle, which is the only attach- 
ment of the shoulder girdle to the sternum. 


Fig. 4.1-5: 

a) The combination of fractures of the clavicle and the 
scapular neck renders the entire shoulder girdle unstable. 
The lateral fragment of the scapula rotates due to the 
weight of the arm. 


The clavicular fracture is fixed with a DCP 
3.5, LC-DCP 3.5, or reconstruction plate 3.5. 
This usually reduces the neck fracture, at least 
partially; additional fixation of the scapular 
neck fracture is rarely required (Fig. 4.1-5). 


1.4.4 Fractures of the acromion 
and coracoid process 


Operative treatment is only indicated for 
markedly displaced fractures and painful non- 
unions. A lateral fracture of the acromion may 
be stabilized with K-wires and a tension band. 
Small fragments may be excised and a detached 
deltoid muscle is reattached in a transosseous 
fashion. 


b) 


b) To restore stability it is usually sufficient to fix the 
clavicle with a 3.5 mm plate. 
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For fractures of the coracoid process surgery 
is indicated only if there is marked coraco- 
clavicular displacement or if the neurovascular 
bundle is compromised. 

Internal fixation is, however, used after osteo- 
tomy of the coracoid in order to gain access to 
the anterior part of the shoulder joint. Inter- 
fragmentary screw compression is satisfactory 
using a screw of suitable size for the patient’s 
bone. This may be supplemented with a tension 
band wire [12]. 


1.5 Postoperative treatment 


Temporary immobilization in a Gilchrist or 
Desault sling is recommended for 3-4 post- 
operative days and then active assisted func- 
tional after treatment is instituted. After the 
third postoperative week, a complete program 
of rotator cuff strengthening with resistive 
exercises is mandatory for a good result. 


1.6 Results 


The outcome is in part determined by the initial 
damage to the cartilage of the glenohumeral 
joint caused by the high impact and, in part, by 
the quality of the reduction. 

Hardegger and Simpson reported 79% good 
to excellent results in 37 operated patients. 
Others report good results in 75% of operated 
intra-articular glenoid fractures [2, 9, 10, 13]. 


2 Clavicular fractures and 
dislocations of adjacent 
joints 


Falls on the outstretched hand and direct 
trauma are the likeliest causes of fractures of the 
clavicle. With an intact sternoclavicular joint, 
the force of the entire shoulder and the scapula, 
directed posteriorly, creates the fracture of the 
clavicle over the fulcrum of the first rib. With 
this mechanism in mind, it becomes obvious 
that the neurovascular bundle is at risk and 
needs to be evaluated carefully. 

The OTA compendium lists diaphyseal fracture 
(06) as simple, wedge, and complex (Fig. 4.1-6). 

Clavicular fractures in children, adolescents, 
and adults will heal with a minimum of treat- 
ment in the vast majority of the cases. Treat- 
ment with figure-of-eight strapping relieves 
most of the discomfort and pain, and allows 
early motion. 

There is some controversy in the literature 
regarding the non-union rates, which range 
between 0.1% up to 23% [14, 15]. 

The treatment goal is the restoration of 
normal function in the shoulder girdle and, 
therefore, immobilization should be kept to an 
absolute minimum. 


2.1 Assessment of fractures 
and soft tissues 


The few indications for primary operative 
fixation of clavicular fractures include the 
open fracture, impending perforation of the 
skin by a sharp irreducible fragment, and an 
associated injury to the subclavian artery 
and brachial plexus, as well as an ipsilateral 
scapular neck fracture resulting in instability 
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Fig. 4.1-6: OTA Classification 


Indications for primary oper- 
ative fixation of clavicular 
fractures: 

* associated injury to the 
subclavian artery and 
brachial plexus, 

* an ipsilateral scapular neck 
fracture, 

* painful non-union. 
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Complex fractures require 
longer plates. 


[12]. A relative indication is a clavicular fracture 
in a multiply injured patient, if it seems likely 
to help in mobilization, and bilateral fractures. 

The third indication is painful non-union 
of the clavicle, with or without compromise of 
the neurovascular bundle due to abundant 
callus formation. Efforts must be made before- 
hand to distinguish between pain from a plexus 
injury and pain from the non-union site [14]. 

Grossly displaced lateral clavicular fractures 
may require operative treatment since the rates 
of painful non-union are significant in this group. 

In very rare cases where surgical access to 
the subclavian artery has to be facilitated by an 
osteotomy of the clavicle, plating of the osteo- 
tomy can be considered in preference to clavi- 
cular resection which, though frequently re- 
commended, can result in an unstable shoulder 
girdle [15]. 


2.2 Surgical anatomy 


The close proximity of the brachial plexus and 
the subclavian vessels makes the use of oscil- 
lating drill bits recommendable to reduce the 
risk of perforating and injuring those structures. 
The saber cut incision in closed injuries gives 
the best cosmetic result in a skin area that tends 
to form hypertrophic scarring. The exposure is 
sufficient if the medial and lateral fragments are 
alternately exposed and only one window at a 
time is used. Incisions parallel to the clavicle 
should only be used in open fractures where the 
laceration can be incorporated in the incision 
following the Langer’s lines, as well as in cases 
needing access to the subclavian artery and 
brachial plexus. The plate can be placed ante- 
riorly or superiorly, depending upon the fracture 
pattern and the position of the wedge fragment. 
Anterior placement of the plate eliminates the 


risk of a vascular injury and allows the use of 
longer screws but poses some threat to the 
brachial plexus. Straight plates are more easily 
contoured! 


2.3 Preoperative planning 


The chest x-ray serves as a screening tool. Specific 
views of the clavicle in straight AP direction are 
augmented with oblique views. Scapular Y-views 
are helpful in determing the relationship be- 
tween acromion/coracoid and the scapula. 

To evaluate acromioclavicular joint disloca- 
tion AP and lordotic views of the clavicle are 
used. The degree of instability is best docu- 
mented by gentle palpation of the acromio- 
clavicular joint while supporting the arm at the 
elbow and lifting it up and down. The use of 
weights to displace the dislocation may be 
painful and should be avoided. 


2.4 Surgical treatment— 
tricks and hints 


Spiral or short oblique fractures are easily re- 
duced and temporarily stabilized with pointed 
reduction forceps. A 7-hole or 8-hole LC-DCP 
3.5 or a reconstruction plate 3.5 can be used to 
stabilize the fracture (Fig. 4.1-7). If possible, an 
independent lag screw should be inserted to 
stabilize a wedge fragment. 

More complex fractures require longer 
plates, although, contouring may become diffi- 
cult. In complex multifragmentary fractures the 
plate is best used as a bridge spanning the frag- 
ments, which is far more successful than dis- 
secting each fragment. Cancellous bone grafting 
is only performed for bone defects or devitalized 
bone. 
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a) 


Fig. 4.1-7: Midshaft fractures of the clavicle. 
a) Wedge fracture fixed with a 9-hole reconstruction plate 
3.5 on top. Two lag screws are placed through the plate. 


Fracture of the lateral 
clavicle 


2.4.1 


(Fig. 4.1-8) 


Provisional reduction is secured by a trans- 
acromial K-wire. The definitive fixation is 
accomplished with a figure-of-eight tension 
band wire combined with two—preferably 
threaded—K-wires (Fig. 4.1-9). To avoid artic- 
ular disc injury, this fixation should not en- 
croach upon the acromioclavicular joint. As an 
alternative, a one-third tubular plate or small 
fragment T-plate can be used according to the 


a 


b) Anterior placement of a LC-DCP 3.5 for better 
purchase of the screws. 


size of the fragments. In multifragmentary frac- 
tures a reconstruction plate 3.5 is a valid alter- 
native. 

An alternative is the technique with a screw 
through the plate into the base of the coracoid 
as described by Bosworth [16, 17] (Fig. 4.1-10). 


07-B2 


Fig. 4.1-8: OTA Classification 
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Fig. 4.1-9: 
a) Lateral clavicular fracture with partial disrupture of the 
coracoclavicular ligament. 
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Fig. 4.1-10: 

a) Temporary fixation of the acromioclavicular joint, 
localization of the coracoid with K-wires, and fixation 
of the plate omitting the screw opposite the coracoid. 


b) 


b) Fixation with two K-wires brought in through the 
cranial aspect of the lateral fracture fragment. The 
fracture is anchored by a figure-of-eight cerclage through 
a 2 mm drill hole. 


b) 


c) 


b) A 3.5 mm gliding hole is drilled through the LC-DCP 
3.5 and the coracoid perforated by a 2.5 mm drill bit. 
c) A 3.5 mm cortex screw is placed in the coracoid and 
the temporary K-wires are removed. 
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Fig. 4.1-11: Acromioclavicular dislocation type Tossy III. 
a) Through a sabre cut incision, the remnants of the 
coracoclavicular ligament are identified and—if feasible— 
prepared for suture. 

b) After temporary fixation of the reduced acromio- 
clavicular joint with a K-wire, a 3.2 mm hole is drilled 
centrally through the clavicle into the coracoid. Both 


2.4.2 Acromioclavicular joint 
dislocation 


Complete disruption of the acromioclavicular 
joint (Tossy III), especially if irreducible, is indi- 
cation for operative care [18]. 

Many techniques have been proposed in the 
treatment of acromioclavicular joint separation 
[18, 19]. We describe two possibilities: 

e Indirect purchase on the acromioclavicular 
joint with coracoclavicular fixation using screws, 
wire loops, or sutures (Fig. 4.1-11). These pro- 
cedures may be combined with débridement of 
the acromioclavicular joint and repair of the 
coracoclavicular ligaments. Saber cut incision 
gives the best exposure. Transosseous sutures 
may be placed between the avulsed ligaments 
and holes in the lateral end of the clavicle. After 
identification of the coracoid with two tempo- 
rary K-wires, a 3.2 mm drill bit is used to drill 
a hole through the clavicle into the coracoid. 
Both cortices of the clavicle are then overdrilled 
with a 4.5 mm drill and a 6.5 mm cancellous 
bone screw with 16 mm thread, and a washer 


cortices of the clavicle are overdrilled and a 6.5 mm 
cancellous bone screw is placed with a washer. The shaft 
of the screw should only be in loose contact with the 
clavicle to allow for some movement of the shoulder 
girdle. Suture of the acromioclavicular joint capsule and 
removal of the transfixing K-wire. 


is inserted. The overdrilling of both cortices of 
the clavicle allows it to rotate without loosening 
of the screw in the coracoid anchor. Tying the 
sutures of the acromioclavicular reconstruction 
completes the procedure. Screw removal is 
planned after 8-10 weeks postoperatively. 

e Alternatively, the acromioclavicular joint is 
exposed in a similar fashion as for the coraco- 
clavicular screw and the joint debrided. Follow- 
ing reduction it is stabilized with a 2 mm K-wire 
inserted from the outer lateral aspect of the 
acromion across the joint and into the clavicle. 
It is important that this wire impale the cortex 
of the clavicle to prevent migration. Instead of 
a K-wire, a 3.5 mm cancellous bone screw or a 
4.5 mm cannulated cortex screw may be used. 
This screw is inserted through a gliding hole in 
the acromion and into the medullary canal of 
the clavicle. It will normally exit from the cortex 
of the clavicle due to the curve of the bone. 
After stabilization of the joint, a tension band 
of either wire or non-absorbable suture is placed 
through a drill hole in the clavicle and run 
under the deltoid attachment to the acromion 
and the wire or screw head. The patient is not 
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allowed to use the extremity in abduction to 
prevent breakage of the wire or screw but may 
use the extremity for other activities. At 3 months 
the wire or screw is removed and full activity 
is commenced. 


2.4.3 Sternoclavicular joint 
dislocation 


Sternoclavicular dislocations in patients of 20 
years or younger may constitute a Salter Type I 
or I physeal injury, as the medial clavicle ossifies 
late. The diagnosis is based on physical and 
radiographic findings with apical lordotic views. 
Only the CT scan allows an accurate character- 
ization of these lesions. Sternoclavicular joint 
dislocations, whether anterior or posterior, can 
be complete or incomplete. Anterior disloca- 
tions have generally little long-term functional 
impact but remain unstable when reduced. 

Posterior dislocations are more serious due 
to the adjacent mediastinal and cervical struc- 
tures. Dysphagia or dyspnea have been reported 
[20]. 


Surgical treatment—tricks and hints 


Symptomatic posterior dislocations are reduced 
with a towel clip or pointed bone-holding forceps 
applied percutaneously. Once reduced those 
dislocations are stable. 

Dislocations that cannot be managed with 
closed reduction techniques receive surgery. 
Techniques to stabilize these dislocations re- 
main debatable and range from transosseous 
sutures to excisional arthroplasty. 

Functional aftercare is as described for frac- 
tures of the clavicle. 
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2.4.4 Clavicular non-unions 


The main indications for secondary operations 
on the clavicle are the painful non-unions of 
the middle third as well as post-traumatic short- 
ening with deformity. The major goals of surgery 
are pain relief and improvement of shoulder 
function. Any plexus injuries must be thoroughly 
examined and evaluated beforehand [14]. 


Preoperative planning 


Careful preoperative planning is required with 
possible inclusion of a CT scan to rule out mal- 
alignment in the acromioclavicular and sterno- 
clavicular joints. Reference to preoperative 
x-rays of the healthy opposite side is helpful to 
avoid further deformities. Bone grafts should 
only be needed in atrophic non-unions. 


Surgical treatment—tricks and hints 


Osteotomy of clavicular non-union is only per- 
formed during reconstructive surgery of ipsi- 
lateral brachial plexus injures. Due to the fibrotic 
scar tissue and callus formation around the 
clavicle, contouring the plate is more difficult 
than in the acute situation. The remaining frag- 
ments must be opposed without force and with- 
out rotational malalignment, to reduce the risk 
of posttraumatic arthritis in the adjacent joints. 
The anatomic length of the clavicle should be 
accurately restored to reduce secondary weak- 
ening of the rotator cuff strength. 

A stable construct with a DCP 3.5 or LC-DCP 
3.5 is recommended. 

For an atrophic clavicular non-union, a can- 
cellous bone graft is added with or without 
decortication. 
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Postoperative treatment 


Operated midshaft fractures, as well as lateral 
clavicular fractures should be stable enough to 
undergo active range of motion after operation, 
following pendulum exercises for the first two 
weeks out of the sling. Full function should be 
restored at 4—6 weeks postoperatively. Heavy 
labor and contact sports should be possible at 
3-5 months postoperatively. 


2.4.5 Results 


The operative fixation of non-united clavicular 
fractures should have a rate of 80-95% good to 
excellent results overall. A hypertrophied scar 
may ensue in spite of the care exercised in the 
incision planning and wound closure. 


3 Pitfalls and complications 
in ORIF of scapula and 
clavicle 


K-wires bridging the acromioclavicular joint 
have a tendency to migrate and can cause pro- 
blems, even when the threaded version is used. 
Early removal of those K-wires after fracture 
healing is recommended as a further precaution 
against secondary migration. 

Meticulous evaluation of the soft tissue sur- 
rounding the clavicle with careful choice of the 
incision site as well as handling of the soft tissue 
during surgery (windows) can reduce the risks 
of infection, which are reported to be as high 
as 10% [21]. 

Intra-articular placement of screws in the 
glenoid fossa can be prevented when prelim- 
inary K-wires are placed in the joint to help in 


determing the axis of the glenoid cavity. Intra- 
operative C-arm views in at least two planes or 
intra-articular inspection is mandatory to rule 
out any intra-articular instrumentation. 
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5 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/41.htm 
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i Assessment of fractures 


1.1 X-rays and classification 


After the patient’s clinical status has been estab- 
lished and stabilized, at least two x-rays of the 
glenohumeral joint taken at right angles to 
each other are mandatory to identify the frac- 
ture type. Even better, especially for preoper- 
ative planning of B and C fractures, are the three 
x-rays of the “trauma-series” (Fig. 4.2.1-1), Further- 
more, x-rays in external and internal rotation 
of the humerus can be important if tuberosity 


Humerus: proximal 


fractures are suspected. CT is useful, if these 
standardized x-rays do not allow clear evalua- 
tion of the main fracture features, as well as of 
articular damage, displacement of fragments, 
and soft-tissue involvement (e.g., long biceps 
tendon). It must be possible to determine 
whether the fracture runs through the ana- 
tomical or surgical neck, and this leads on to 
classification (Fig. 4.2.1-2), surgical decision- 
making, and a view of the prognosis. 


Fig. 4.2.1-1a: 

“Trauma-series x-rays”: For the 
AP-view of the shoulder the 
patient must be placed with 
the posterior aspect of the 
affected side against the x-ray 
plate and the opposite side of 


the trunk elevated at least 30°. 


At least two x-rays of 
shoulders joint are required. 
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Fig. 4.2.1-2: AO Müller Classification 
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The goal is to restore function. 


Conservative treatment is to 
be preferred for elderly 
patients and only minimally 
displaced fractures. 


Fig. 4.2.1-1b: The lateral/anterior aspect of the 
affected shoulder is placed against the x-ray plate. 
The x-ray beam is then directed posteriorly along 
the spine of the scapula at an angle of 90° to the 
direction of the AP. 


1.2 Objective indications 
for surgery 


Indications for surgical intervention are governed 
by general and local concomitant injuries, the type 
and stability of the fracture, and the patient’s 
age and general state, as well as the quality of 
the bone (osteoporosis). Stability and displace- 
ment are often interdependent. The greater the 
damage to the adjacent soft tissues and the 
periosteum, the more likely the need for 
internal fixation and early functional post- 
operative treatment. However, in nearly 80% 
of cases the fracture fragments are held together 
by muscles, tendons, the attachment of the 
rotator cuff, and the periosteum, so treatment— 
especially in elderly patients—is usually 
conservative. In only 20% may reduction and 
operative fixation be necessary. This group 


Fig. 4.2.1-1c: For an axillary view the patient is supine with the 
x-ray plate placed above the shoulder. Abduction of about 30° is 
needed; this is painful but usually tolerated by the patient. 


consists mainly of younger patients with frac- 
tures in which the tuberosities are displaced 
more than 5 mm, shaft fragments displaced 
more than 2 cm, or where head fragment dis- 
placement is greater than 40°. 


1.3 Subjective indications 
for surgery 


Patient expectations are likely to play an increas- 
ingly important part in future decision-making. 
In young individuals the goal will be to 
restore pre-injury levels of function. Some 
elderly patients, even when aged over 70, wish 
to resume such sporting activities as swimming, 
sailing, cross country skiing, or golf; others, 
however, require merely to be able to go back 
to their everyday lives. 


4.2.1 


2 Surgical anatomy 


It is crucial to differentiate between fractures of 
the anatomical and surgical neck, because the 
blood supply to the main head fragment after 
anatomical neck fractures is usually disrupted 
and AVN is likely to occur. Surgical neck frac- 
tures, by contrast, are relatively benign, as the 
blood supply to the head is usually preserved. 

The tendon of the long head of the biceps 
plays an important role in orientation between 
the greater and lesser tuberosities. Moreover, in 
displaced proximal humeral fractures or epi- 
physiolysis, it can be trapped between bony 
fragments, making closed reduction impossible. 
Finally, a few millimeters posterior and parallel 
to the tendon runs the lateral ascending 
branch of the anterior circumflex humeral artery 
(Fig. 4.2.1-3). This carries the most important 
blood supply for the upper part of the humeral 
head and damage to it may lead to avascular 
necrosis to this part of the head [1, 2]. The 


anterior view 
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anterior and posterior circumflex humeral arteries 
anastomose on the lateral side of the surgical 
neck. Should these vessels be ruptured, the 
medial aspect of the capsule is the most impor- 
tant remaining blood supply, especially to the 
lower part of the head, and if a larger medial 
spike of the head-fragment is present [3]. If the 
head fragment has no soft-tissue connections, 
AVN develops followed by collapse and deformity, 
usually within 5 years. 

The acromion, along with the coracoacromial 
ligament and the coracoid process, forms an 
arch under which the humeral head passes and 
rotates. Upwards, downwards, or sideways move- 
ment of the humeral head is constrained by this 
arch and the subscapularis, supraspinatus, infra- 
spinatus, and teres minor muscles. These are 
attached to the tuberosities and, together with 
the other surrounding muscles, maintain dynamic 
glenohumeral function. Because of this and to 
avoid impingement, it is most important to 
reduce and to fix the tuberosities with their 
muscle insertions as closely as possible to 
their original anatomical sites. 


Fig. 4.2.1-3: 

1 Axillary artery 

2 Posterior circumflex artery 

3 Anterior circumflex artery 

4 Anterolateral branch of the 
anterior circumflex artery 

5 Greater tuberosity 

6 Lesser tuberosity (anterior) 

7 Insertion of the 
subscapularis tendon 

8 Constant site of entry of the 
anterolateral branch into 
bone 

9 Intertubercular groove 


posterior view 
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Damage to vascularity especially 
to the lateral ascending branch 
of the anterior circumflex 
artery may lead to AVN. 


Good function depends on 
reduction and fixation of the 
two tuberosities. 


274 


Often closed reduction and 
percutaneous K-wire fixation 
will be successful. 


3 Preoperative planning 


For every osteosynthesis a preoperative drawing 
should be carried out: The more complicated the 
fracture, the greater the need for a detailed plan 
(see chapter 2.4). 


3.1 Closed reduction 


If general anesthesia is possible, the patient is 
placed supine on a radiolucent table or in a 
“beach-chair” position with the affected arm 
supported on an armrest and free-draped for 
mobility (Fig. 4.2.1-4). Before draping, however, 
closed manipulation should be tried under 
image intensification. In acute fractures, in- 
cluding about 20% of type B3 and type C3 
fracture dislocations, reduction quite often 
succeeds. If not, after sterile draping there is a 
second chance using joysticks (small Schanz 
pins), K-wires, or hooks, so that even after 
severe initial displacement, near-anatomical 
reduction—more often in young patients—can 
be achieved. This means that the possibility of 
minimally invasive osteosynthesis (espe- 
cially by means of cannulated screws) should 
be kept in mind and preoperatively planned. 


3.2 Approaches 


If closed reduction cannot be achieved, assisted 
percutaneous reduction by means of a joystick 
or hook, or open reduction will be necessary in 
order to get a good alignment as well as fixation 
for functional after-treatment. 


Fig. 4.2.1-4: Beach-chair position with the right shoulder 
resting on a translucent part of the operating table; the 
entire shoulder is checked first with the image intensifier 
before draping. 


3.2.1 Deltopectoral approach 

The standard approach for reduction and internal 
fixation of fractures of the proximal humerus 
is between the deltoid and the pectoral muscles 
(Fig. 4.2.1-5). The cephalic vein can normally be 
identified proximally with its main connections 
on the lateral side. The fascia is incised medial 
to the vein and with slight abduction of the arm 
the fracture and the humeral head can be 
palpated after blunt separation of the deltoid 
muscle from the bursa, soft tissues, and hema- 
toma around the fracture. After washing out 
the hematoma, the long biceps tendon can 
usually be identified under internal and external 
rotation and will lead to the greater and lesser 
tuberosities. These, even if they are fractured, 
have some connections to the adjacent tissues 
and to their attached muscles. Distally on the 
shaft, especially in comminuted fractures, the 
insertion of both the deltoid and the pectoralis 
muscle may have to be incised to some extent, 
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especially for reduction or to put a plate on the circumflex humeral artery (Fig. 4.2.1-3). The 
lateral aspect of the humeral shaft. The plate position of this artery should be kept in mind; 
should lie dorsal to the long biceps tendon and ligation or coagulation should be avoided along 
the lateral ascending branch of the anterior with damage to the axillary nerve. 


Fig. 4.2.1-5: Deltopectoral approach: 


a) The skin incision starts from the coracoid 
process and runs slightly convex towards the 
medial side, as far as the insertion of the deltoid 
muscle on the lateral humeral shaft. 1) Axillary 
nerve, 2) coracoid process, 3) acromion, 4) lateral 
end of clavicle. 


b) Retraction of the deltoid muscle to the lateral 
side looking for the humeral head. 5) Cephalic 
vein, 6) deltoid muscle, 7) pectoralis muscle, 8) 
anterior circumflex humeral artery, 9) long head of 
the biceps muscle, 10) subscapularis muscle. 
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Fig. 4.2.1-6: Transdeltoid lateral approach: 


a) The skin incision starts from the lateral rim of the 
acromion, about 5 cm long, and runs for about 5 cm 
parallel to the fibers of the deltoid muscle. 

1) Acromioclavicular joint, 2) skin incision, 3) axillary 
nerve. 


b) The muscle fibers of the deltoid are split and the 
proximal attachment is incised both on the acromion 
and on the lateral clavicle, although the latter is not 
always necessary. 4) Deltoid muscle, 5) greater 
tuberosity. 


4.2.1 


3.2.2 Transdeltoid lateral approach 


This approach is used for lesions and fractures of 
the tuberosities and the rotator cuff (Fig. 4.2.1-6). 
The fibers of the deltoid muscle are divided by 
blunt dissection. Infrequently it needs to be 
detached and its attachment to the lateral clavicle 
and/or the acromion must be restored. Care 
must be taken not to proceed too far distally 
because of the axillary nerve and a “safety- 
suture” should be placed at a distance of 5 cm. 
During internal and external rotation the frag- 
ments can usually be palpated, reduced, and 
stabilized, as described under Al fractures. 


3.3 Instruments and implants 
for osteosynthesis 


We try to employ as few implants as possible 
and plan to have cannulated screws of different 
diameters and lengths as well as resorbable and 
non-resorbable atraumatic sutures and 1 mm 
wire available. Plates are mainly used for surgical 
neck fractures—where the risk of AVN is smaller— 
and especially in subcapital fractures with a 
metaphyseal comminution zone. The aim is to 
bridge this area and to gain adequate stability for 
functional after-treatment. T-plates come in 
different lengths and are fixed by 4.5 mm cortex 
screws and by 6.5 mm cancellous bone screws, 
both partially and fully threaded. Cloverleaf plates, 
which accept small fragment 3.5 mm screws, 
should also be available. For subcapital fractures, 
intramedullary nails may sometimes be pre- 
ferable. Finally, a right-angle plate is available (on 
request) which is inserted over a K-wire and 
allows placement of screws into the head or the 
medial cortex. This plate is especially useful in 
delayed union and non-unions and is sometimes 
used together with small fragment screws. 
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If bone grafting is anticipated, especially 
after impaction at the fracture site or after 
comminution, the contralateral iliac crest is 
prepared, so that bone grafts or even a little 
cancellous block can be harvested to gain more 
stability after reduction of the head fragment 
and to promote earlier bony consolidation [4]. 
In addition, the use of bone cement might be 
considered in severe porosis or in pathological 
fractures to provide a good anchorage for screws. 


3.4 Prosthetic replacement 


During preoperative planning, cemented pros- 
thetic replacement, especially in complex C 
fractures, should also be considered, since 
reconstruction of multiple fragment fractures 
may not be possible particularly in osteoporotic 
bone. Reconstruction might also not be advis- 
able in elderly patients with little or no soft- 
tissue connections to the main head fragment. 
Under these conditions results are better after 
primary than after secondary head replace- 
ment. This is mainly because functional treat- 
ment can only be allowed with stable fixation 
or after prosthetic replacement [3, 5-7]. 


4 Surgical treatment 


4.1 Extra-articular unifocal 
A fractures (Fig. 4.2.1-7) 
4.1.1 Al fractures 


Unifocal fractures of the greater tuberosity should 
be treated by sling immobilization in the following 
circumstances: 


277 


Bone grafting must be planned 
(iliac crest) ahead of time. 


Proximal humeral fractures 
require only a minimum of 
implants—4.0 mm screws, 
K-wires, tension band wires, 
or strong (resorbable) sutures. 
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Fig. 4.2.1-7: AO Müller Classification 
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Displaced tuberosity fragments 
are best fixed with a tension 
band or cannulated screws. 


e if, in younger patients, they are undis- 
placed or not more than 5 mm displaced, 

e if, in older patients (60 and above), they 
are not more than 10 mm displaced, 

e if the angulation of the fragments is less 
than about 40° (A1.1). 


Displacement of tuberosity fragments is best 
verified with x-rays in internal and external 
humeral rotation. 

When fragments are further displaced, espe- 
cially the superior part of the greater tuberosity 
(A1.2), they may intrude between the head and 
the acromion, due to the pull of the supra- 
spinatus muscle. Such fragments need to be 
reduced, held temporarily with K-wires running 
through to the medial side, and then fixed with 
a cannulated screw (Fig. 4.2.1-8a/b). The screw 
should find a good bite in the cancellous bone. 

If open reduction using the deltopectoral 
approach becomes necessary, a tension- 
absorbing suture or tension band wire 
can also be used, alone or as an addition 
(Fig. 4.2.1-8c). After perforation of the cuff close to 
its bony insertion by means of an atraumatic 
curved needle carrying a size 1 or 2 resorbable 
suture, the fragment is reduced and held in 
place with a figure-of-eight loop which is tight- 
ened around a screw head or through a 2.0 mm 
drill hole in the lateral cortex. 

For years we have used only resorbable 
atraumatic sutures [4] instead of wires [8] with 
good results. Wires tend to cut through the 
bone and may break. Patients notice this on the 
x-ray and may feel disturbed. 

If there is an associated glenohumeral disloca- 
tion (A1.3), careful closed reduction should be at- 
tempted first. In case of significant displacement 
of the greater or lesser tuberosity, as described 
above, closed reduction under image intensifier 
followed by percutaneous fixation is preferable. 


N 
11-A1.2 
a) b) 


Fig. 4.2.1-8: Displaced greater tuberosity fracture (A1.2). 
Reduction and fixation with 4.5 mm cannulated can- 
cellous bone screw following provisional K-wire fixation. 


M 


c) Fixation by tension 
band with wire or 
strong resorbable 

c) suture. 
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If this proves impossible, open fixation should 
be achieved as described for the A1.2 fractures. 


4.1.2 A2 fractures 


Surgical neck or subcapital fractures without 
major displacement (A2.1: less than 10 mm and 
angulation below 30° to 45°) will, depending on 
the patient’s age, etc., be treated by sling immo- 
bilization until the pain is gone. Afterwards, 
passive motion, followed by active motion, will 
be carefully encouraged. If the fracture is 
impacted with an acceptable amount of varus 
or valgus malalignment (A2.2 and A2.3) in 
relation to the patient’s age, functional treat- 
ment can also be allowed after a few days. 


11-A3.3 


Fig. 4.2.1-9: 

a) Surgical neck fracture 
with multiple fragments 
(A3.3). 

b) Indirect reduction and 
stabilization using an 
unreamed locked humeral 
nail, which, after retrograde 
insertion, is first locked 
proximally with two bolts. 
After impaction of the 
fracture the distal two 
locking bolts are inserted. 


4.1.3 A3 fractures 


In these unstable fractures, even when they 
are impacted or can be reduced closed, re- 
displacement occurs, leading to prolonged pain, 
immobilization, and stiffness. 

If they can be reduced, maintenance of the 
reduction is most often attempted by percuta- 
neous pinning under general anesthesia [3, 9, 10]. 
Alternatively, instead of simple pinning, we 
favor the use of 7.0 or 4.5 mm cannulated 
screws following optimal placing of, usually, 
three 1.6 mm K-wires. These screws are inser- 
ted with power after the lateral cortex has been 
opened with a 4.5 mm drill bit (3.2 mm in 
younger patients). Two from the lateral cortex 
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In case of inability to reduce the 
fracture, tendon interposition 
must be assumed. 


-Unstable subcapital fractures 


(incl. A3.3) may be stabilized 
using unreamed nails or 
T-plates. 


and perhaps one from anteriorly are driven 
towards the center of the head. 

One or two K-wires may also be inserted from 
the greater tuberosity into the medial shaft 
cortex and usually one or two long cannulated 
cancellous bone screws are inserted to impact 
the fracture. After removal of the K-wires, 
passive motion under image intensification will 
confirm whether the fixation is stable enough 
for postoperative functional treatment. 

An alternative method of fixation after closed 
reduction is the use of intramedullary pins or 
nails, usually by retrograde insertion from about 
3 cm proximal to the olecranon tip. Unreamed 
interlocking nails provide satisfactory sta- 
bility, even in A3.3 fractures with meta- 
physeal comminution (Fig. 4.2.1-9). In severe 


a) 


Fig. 4.2.1-10: 

a) Surgical neck fracture with medial 
translation and interposition of a small 
third fragment (A3.2). 


open, comminuted, and contaminated fractures 
an external fixator can be applied. 

Inability to reduce the fracture by closed 
means is usually due to interposition of the 
long biceps tendon, buttonholing through a 
split muscle or interposed fragments. Under 
these conditions a delto-pectoral approach is 
performed and the situation is corrected. Valgus 
impaction of up to 10° can be accepted and for 
stable fixation lag screws and/or plates may be 
used. Most often a 3-hole or 4-hole T-plate is 
inserted (Fig. 4.2.1-10). If the anchorage of the 
screws is not reliable, bone cement may be put 
into the drill holes. The reduction, screw length, 
screw position, and stability should be checked 
by image intensifier before the wound is closed. 
Even pathological fractures can be reliably stabi- 
lized in this way. 


Correct T-plate fixation AP (b) and lateral (c) after anatomical 
reduction of the main fragments. Three fully threaded 6.5 mm 
cancellous bone screws are applied into the head fragment, and 
4.5 mm cortex screws into the distal fragment. 
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In multifragmentary fractures at the surgical 
neck area or fractures extending further into 
the shaft, longer T-plates bridging the medial 
comminution zone will be used. Under these 
conditions removal of the anterior part of the 
deltoid insertion has to be accepted; it should 
be sutured back. 


4.2 Bifocal B fractures 
(Fig. 4.2.1-11) 


4.2.1 B1 fractures 

These bifocal fractures with little or no dis- 
placement display metaphyseal impaction, which 
can be lateral, medial, or posterior. Displaced 
tuberosity fractures must be reduced and 
fixed as described tor A1 fractures. The impacted 
metaphyseal fracture is usually stable and treated 
by conservative means, if the malposition is 
acceptable. 


4.2.2 B2 fractures 


These are unstable at the surgical neck and if 
they are combined with a rotary displacement 
of the head fragment (B2.2), due to the muscle 
pull on the intact tuberosity, reduction will be 
required (Fig. 4.2.1-12a/b). If this cannot be done 
closed, percutaneous reduction under image 
intensifier using a small hook or threaded K-wire 
as a joystick will be needed (Fig. 4.2.1-12c¢/d). 
Stabilization by means of cannulated cancellous 
bone screws is the treatment of choice [5] 
(Fig. 4.2.1-12e/f). Washers are advisable for 
osteoporotic fragments. 
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For open reduction the delto-pectoral approach 
will be used. Tension-absorbing sutures or wires 
around the tuberosity fragments are anchored 
to screw heads or in plate holes (Video A020080). 
In multifragmentary fractures (B2.3) plates will 
be used routinely, although in the type B frac- 
tures it is most important not to damage the 
residual blood supply to the head. 

Hemiarthroplasty in these three-part frac- 
tures remains a salvage procedure when stable 
fixation cannot be achieved. 


4.2.3 B3 fractures 


Closed reduction is possible in only about 20% 
of bifocal fracture dislocations, even under full 
relaxation. If necessary, a joystick and/or hook 
should be tried, under sterile conditions and 
using the image intensifier. However, in 80% 
of cases, open reduction of the dislocated head 
fragment is necessary, employing the techniques 
described for B2 fractures. Good results, even 


ae Video A020080 
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11-B1 11-B2 


11-B3 


Fig. 4.2.1-11: AO Müller Classification 


Reduce and fix displaced 
tuberosity fragments. 


In B2 fractures the head 
fragment may be rotated. 
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Fig. 4.2.1-12: Bifocal B2.2 fracture: 
a) AP-view: Rotation of the head 
fragment caused by the sub- 
scapularis muscle with complete 
avulsion of the greater tuberosity. 
b) Axial view showing 60° 
angulation deformity. 


©) Closed reduction by longitudinal 
traction, external rotation of the head 
fragment by means of a hook and 
stabilization of the greater tuberosity 
fragment by means of a K-wire. 

d) Axial view showing reduction with 
15° anterior angulation. 


e) Percutaneous K-wire and 
cannulated screw fixation using 

4 mm cannulated cancellous bone 
screws for the head fragment and 
one 7.0 mm cannulated cancellous 
bone screw with washer for the 
greater tuberosity fragment. 

f) Axial view: Fixation in place with 
angular deformity corrected. 
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in posterior fracture dislocation with avulsion of 
both tuberosities (B3.3) can be achieved [5, 11]. 
A head endoprosthesis should be restricted 
to elderly patients only [12]. Humeral head 
impaction fractures (Hill-Sachs-lesions) are 
caused by the glenoid during dislocation and 
may be treated by elevation and bone grafting 
to restore the anatomy and to prevent recurrent 
displacement. 


4.3 Articular C fractures 
(Fig. 4.2.1-13) 


4.3.1 C1 fractures 

In this type of fracture of the anatomical 
neck, there is less than 40° tilting of the head 
fragment and less than 1 cm shifting of the 
tuberosity fragment. However, even in mini- 
mally displaced neck fractures, without frac- 
ture of one of the tuberosities, the risk of 
avascular necrosis of the humeral head is 
more than 50%, depending on the connection 
of the head fragment to the capsule on the 
antero- and postero-medial sides. Often the 
head is displaced no more than a few milli- 
meters medially on the shaft fragment and 
is impacted so that its articular surface looks 
upwards (“ice-cream cone type”) [4, 13]. With 
the blood supply already at risk, only closed 
reduction and minimal internal fixation 
through very limited approaches should be 
performed. However, in slightly displaced four- 
part fractures treated by open reduction and 
minimal internal fixation surprisingly good 
results, without head necrosis during the first 
two years, have been described [5, 12, 14]. 
Prosthetic replacement for these fractures should 


Humerus: proximal—R. Szyszkowitz 
Ye a 


therefore be avoided. The technique of closed 
manipulation and minimally invasive internal 
fixation is similar to that described for type B 
fractures (Fig. 4.2.1-12). The open fixation tech- 
nique will be described in the section on C2.2 
and C3.2 fractures. 

In elderly patients varus impaction may 
be accepted. The fragments, mainly from the 
tuberosity, may be pulled distally and laterally 
and fixed with tension-absorbing sutures. 


4.3.2 (C2 fractures 


These fractures are the “real” four-part fractures 
with more than 40° of angulation of the head 
fragment and more than 1 cm displacement 
of at least one tuberosity fragment [6]. If the 
medial capsule is disrupted, there is usually a 
displacement of more than 1 cm on the medial 
side between the head and the shaft fragment— 
and the joint surface of the head fragment is 
directed towards the lateral and/or posterior 
side (Fig. 4.2.1-14a). 

Using percutaneous reduction and screw 
fixation, some authors [12] achieved near- 
anatomical reduction and very good end results 
in a high percentage of patients with three-part 
and four-part fractures. 

If open reduction is necessary, the deltopec- 
toral approach is used. Many authors prefer osteo- 
synthesis with compression screws and tension- 
absorbing bands or sutures (Fig. 4.2.1-14b—d), 
but without plates, to reduce the risk of AVN [4, 
5, 7, 8, 12-18]. 

In elderly patients, after impaction of can- 
cellous bone or major displacement, with tilting 
of the head fragment, a defect persists after 
reduction, which must be filled with cancellous 
bone grafts—or substitutes—to gain more sta- 
bility. Screws placed in the head fragment 


Endoprosthesis in elderly 
patients or unreconstructable 
fractures only. 


ri 


11-C3 


Fig. 4.2.1-13: AO Miller Classification 


Risk of avascular necrosis is 
> 50% in C1 fractures. 


Minimal ORIF is recommended 
when blood supply is at risk. 
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In case of bone defects or 
impaction use bone grafts or 
substitutes. 


Fig. 4.2.1-14: Articular four-part C2.2 fracture in a 20-year-old male. 


a) AP-view: Considerable displacement 
of head fragment. Large greater 
tuberosity fragment partially obscured 
by the head fragment. 

b) During open reduction, the head 
fragment is elevated and placed in 
correct relationship to the glenoid 
fossa. Reduction is held with K-wires. 
The greater and lesser tuberosity 
fragments are retracted laterally and 
medially respectively by pulling on 
resorbable sutures or wires. 


c) The K-wires and one 4.5 mm 
cancellous bone screw hold the 
position while the defect is partly filled 
up with cancellous bone graft and the 
first (proximal) 3.5 mm cortex screw is 
inserted. 

d) The greater tuberosity fragment is 
reduced and the tension-absorbing 
suture is tightened around the head of 
the cortex screw. The lesser tuberosity 
fragment is also reduced and similarly 
held by another tension-absorbing 
figure-of-eight suture tightened around 
the head of a second more distal 

3.5 mm cortex screw. 
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function more as positioning than compression 
screws; we have used 7.3 mm self-tapping can- 
cellous bone screws in this situation [12]. In 
addition, impaction techniques, extra screws, and 
tension-absorbing sutures and staples or other 
fixation aids may have a place (Fig. 4.2.1-14b). 


4.3.3 C3 fractures 


For anatomical neck fracture-dislocations (C3.1), 
many surgeons prefer primary hemiarthroplasty 
[3, 6], some only if they cannot reconstruct the 
head fracture or—in elderly patients—if no soft- 
tissue connections to the head fragment were 
found during the attempt at open reduction. 

Even if these fractures are internally 
fixed, and later head necrosis is diagnosed 
on x-ray or MRI, function is often aston- 
ishingly good [5, 7, 12]. The results of secondary 
endoprosthetic replacement, if necessary, are 
also satisfying. 

If prosthetic replacement is carried out, 
tuberosity fragments should be accurately re- 
duced to the shaft and held as rigidly as possible, 
using non-resorbable sutures or wires. The stem 
should be cemented to ensure rotational stability 
and to guarantee adequate height of the head. 
Otherwise, secondary prosthesis migration, dis- 
placement, and resorption of the tuberosity 
fragments, generally with poor clinical results, 
will occur more often during the later years 
[6, 18]. 
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5 Postoperative treatment 


The shoulder is perhaps the most challenging 
joint to rehabilitate both postoperatively and 
after conservative treatment. Early passive motion 
according to pain tolerance can usually be 
started after the first postoperative day—even 
following major reconstruction or prosthetic 
replacement. The program of rehabilitation 
has to be adjusted to the ability and expec- 
tations of the patient and the quality and 
stability of the repair. Poor purchase of screws 
in osteoporotic bone, concern about soft-tissue 
healing (e.g., tendons or ligaments) or other 
special conditions (e.g., percutaneous cannulated 
screw fixation without tension-absorbing su- 
tures) may enforce delay in beginning passive mo- 
tion, usually to be performed by a physiotherapist. 

The full exercise program progresses to 
protected active and then self-assisted exercises. 
The stretching and strengthening phases follow. 
The ultimate goal is to regain strength and full 
function. 

Postoperative physiotherapy must be care- 
fully supervised. Mild pain and some restriction 
of movement at the shoulder joint should not, 
however, interfere with daily activities. The 
more severe the initial displacement of the 
fracture and the older the patient, the greater 
will be the likelihood of some remaining stiffness. 
Progress of physiotherapy and callus formation 
should be monitored regularly. If necessary, 
closed mobilization of the joint, even under 
general anesthesia, may be indicated; however, 
the danger of additional loosening, or of fractures 
later on, especially in elderly patients, should 
be kept in mind. Arthroscopy and even open 
release and manipulation may be considered 
under certain circumstances, especially in 
younger individuals. 


The patient and stability of 
repair govern rehabilitation. 


In spite of partial AVN, function 
remains often satisfactory. 
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Both B and C fractures 
frequently result in some AVN. 


The axiliary nerve most is 
frequently at risk. 


Brachial plexus may be 
damaged by dislocations and 
fracture dislocations. 


6 Pitfalls and complications 


6.1 Positioning of implants 


Incorrect placement of implants and displace- 
ments of fragments and/or implants can all 
occur, especially in osteoporotic bone. Not only 
do screws in the head need to be of optimal 
length but also in the metaphyseal shaft area 
they tend to loosen and to migrate. Muscular 
activity and passive external forces, working on 
a long lever arm, are often underestimated. 
Therefore, checking optimal bone and implant 
position intraoperatively under image intensifier 
should be the routine. If the hold in subchondral 
bone or cortex is found to be inadequate, a 
larger size screw or bone cement should be used 
prophylactically. 

The range of motion to be allowed post- 
operatively has to be decided intraoperatively 
under direct view and image intensifier. The 
stability of the bone-implant construct must be 
established together with the absence of any 
resistance or obstruction to the range and direc- 
tions in which passive movement is to be per- 
mitted. 


6.2 Malunion and non-union 


Malunions and non-unions are rare. If they are 
causing significant symptoms, such as major 
discomfort and the loss of function, open cor- 
rection and internal fixation will benefit reliable 
patients with suitable soft tissues and bone 
quality (see chapter 6.2). 


6.3 Avascular necrosis 


AVN of the humeral head is relatively frequent 
in B and especially in C fractures and is due 
to the particular arrangement of its blood supply. 
This must be known and understood by the 
surgeon with the aim of preserving as many 
vessels and soft-tissue attachments as possible. 
Accordingly, the use of plates and excessive 
numbers of sutures and tension-absorbing bands 
is to be avoided where possible [3, 6]. 

Avascular necrosis is not in itself a clinical 
problem. However, it may end up in partial or 
total collapse of the humeral head with in- 
congruency. This may result in malfunction and 
pain, although the x-ray appearance frequently 
does not correlate with the clinical picture 
[5, 12, 13, 15, 16, 18]. 

In elderly patients with a life expectancy of 
not more than 10-20 years, primary prosthetic 
replacement, if performed as a primary pro- 
cedure, seems to have a better prognosis in C2.3 
fractures and C3 fractures and will avoid the 
need for a second operation. 


6.4 Nerve lesions 


The axillary nerve is the one most often 
damaged both during the accident and iatro- 
genically—even by closed manipulation and 
percutaneous fixation. During open reduction 
the danger occurs especially during soft-tissue 
retraction using Hohmann retractor or hooks. 
The musculocutaneous nerve can be damaged 
in a similar way and especially if an osteotomy 
of the coracoid process was performed—which 
is usually not necessary. The adjacent brachial 
plexus is at risk in dislocations and frac- 
ture dislocations. Care must be taken while 
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Fig. 4.2.1-15: 26-year-old female, 
skiing injury. 

a) Fracture dislocation of articular 
fracture (11-C3), AP and axial 
view. 


b) After reduction with two 
K-wires and two tension band 
wires. Active postoperative 
mobilization, AP and axial view. 


c) One year follow-up with good 
range of motion, AP and axial 
view. In this case, cannulated 
screws would be an acceptable 
alternative to K-wires. 
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6.5 Infection 


- i positioning the patient before and during the Percutaneous K-wires may cause irritation and 
anagemer operation so as not to stretch the plexus or infection along their tracks. 

damage its blood supply by indirect or direct If deep infection occurs, it should be 

manipulations. handled aggressively (see chapter 6.1). It will 


be necessary to wash out and debride soft tissues 
and occasionally necrotic fragments. On rare 
occasions, and usually only after a second or 
third look, has the whole head fragment to be 
removed. This leaves the possibility that 
later when the infection has settled, prosthetic 
replacement may be indicated. 


Fig. 4.2.1-16: 

a) B1.3 fracture of proximal 
humerus in a middle aged 
woman. 

b) Postoperative x-rays after 
reconstruction and fixation with 
three large cannulated screws. 
c) 6 months follow-up, good 
function. 
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http://www.aopublishing.org/PFxM/421.htm 
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1 Assessment of fractures 
and soft tissues 


1.1 General remarks 

Humeral shaft fractures make up approximately 
1% of all fractures. Typically they are the result 
of direct trauma. They also occur in those sports 
where rotational forces are great, particularly 
baseball or arm wrestling [1]. Fractures of the 
proximal humerus can lead to axillary nerve 
damage. Fractures of the middle and distal thirds 
of the shaft can give rise to injuries of the radial 
nerve. Vascular injury is associated with humeral 
shaft fractures in a small percentage of cases. 

The upper arm should be examined for 
swelling, ecchymosis, and deformity. The entire 
limb is carefully examined for vascular and 
neurological changes. Evaluation of the func- 
tion of the radial nerve is especially crucial prior 
to any reduction [2]. 

X-rays are obtained in two planes. If the 
fracture extends into the shoulder or elbow, 
oblique x-rays are helpful. Evaluation of the 
patient with emphasis on associated injuries 
and concurrent disease is critical in treatment 
selection. 


Humerus: shaft 


1.2 Indications (general) 


For conservative management of humeral 
shaft fractures numerous methods have 
been described, including casting, splinting, 
Velpeau immobilization, and others. Currently, 
functional bracing is probably the most 
widely accepted treatment. Good to excellent 
results have been reported [3, 4]. Moderate 
angulation (less than 20° anterior and 30° varus 
angulation), rotation, and shortening (less than 
3 cm) are well tolerated. 

There are absolute or relative indications for 

surgical stabilization (Table 4.2.2-1). The patient’s 
age, fracture pattern, associated injuries or dis- 
ease, and ability to comply with treatment must 
all be considered. 
Plate fixation can be used for almost all 
humeral fractures, especially in the proximal 
or the distal shaft, particularly if there is a 
concomitant joint fracture. 

Plating enables the surgeon to reduce and 
hold the critical articular or juxta-articular com- 
ponents. Although plating can be technically 
demanding and requires considerable surgical 
experience, the results are predictably good and 
there is little associated shoulder or elbow stiff- 
ness [5-9]. Plating is also best for holding cor- 


For conservative management 
of humeral shaft fractures 
numerous methods have been 
described—functional bracing 
is probably the most widely 
accepted. 


Plate fixation can be used for 
almost all humerus fractures, 
while intramedullary nailing is 
gaining in significance. 


12-Al.1 12-B2.2 


Fig. 4.2.2-1: AO Müller Classification 
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Table 4.2.2-1: Indications for osteosynthesis 


Absolute indications 


e Multiple trauma 

* Open fractures 

* Bilateral humeral fractures 

• Pathological fractures 

* Floating elbow 

e Vascular injury 

e Radial nerve palsy after closed reduction 
« Non-union 


Relative indications 


* Long spiral fractures 

* Transverse fractures 

e Brachial plexus injuries 

* Primary nerve palsy 

e Inability to maintain reduction 

* Neurologic deficits, Parkinson’s disease 

* Non-compliance due to alcohol or drug 
abuse 

* Obesity 


rected malunions and remains a standard re- 
gime for non-unions of the humerus. 
Intramedullary nailing is growing in signifi- 
cance as a means of managing humeral frac- 
tures. This is due to disappointing experiences 
in conservative treatment of some fracture 
types or combinations, or the technical difficul- 
ties of plate osteosynthesis in some situations 
[10]. With smaller, more flexible humeral nails 
inserted either antegrade or retrograde in an 
unreamed locked fashion, nailing can be per- 
formed more safely (Fig. 4.2.2-2). The fracture 
must be localized between the surgical neck and 
the transition between shaft and distal meta- 
physis. Every fracture type, as well as pseud- 
arthroses and pathological fractures, can be 


nailed [11]. Done properly, nailing permits 
good fracture alignment and adequate stability. 
Postoperative rehabilitation is short, uneventful 
healing the rule, and functional results are 
excellent [12, 13]. 

External fixation is mainly used in treating 
humeral shaft fractures with extensive soft- 
tissue injury, bone loss, or infection such as 
occurs in gunshot wounds or accidents with 
agricultural machinery. 


2 Surgical anatomy 


The humeral shaft extends from the surgical 
neck proximally to the condyles distally. It has 
a cylindrical shape proximally, is conical in its 
middle section, and in the distal third becomes 
more flattened in the coronal plane. 

The humeral head is just proximal to, and 
in line with, the medullary canal. The humeral 
condyles are, however, not in line with the distal 
end of the canal. Proximally, the articular car- 
tilage of the humerus is separated from greater 
and lesser tuberosities by the anatomical neck. 
Distally, a triangular dorsal surface is bounded 
by the medial and lateral supracondylar crests 
and the olecranon fossa. 

The muscles are divided into flexor and ex- 
tensor compartments. If the fracture is situated 
between the rotator cuff and the pectoralis 
major muscle, the humeral head will be ab- 
ducted and internally rotated. If the fracture lies 
between the pectoralis muscle and the deltoid 
insertion, the proximal fragment will be adduc- 
ted and the distal fragment laterally displaced. 
In fractures distal to the deltoid insertion, the 
proximal fragment will be abducted. In case of 
a fracture proximal to the brachioradialis and 
extensor muscles, the distal fragment will be 
rotated laterally. 
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The brachial artery and vein, as well as the 
median and ulnar nerves, traverse the anterior 
compartment in the medial bicipital groove. 

The radial nerve runs through the triceps 
muscle, occupying the radial groove in the 
midshaft area and perforating the intermus- 
cular septum further down. Here the nerve 
becomes less mobile and is vulnerable when 


Fig. 4.2.2-2: 

a) 26-year-old male with a 12-B2 fracture of the humeral 
shaft. Intact neurovascular function. 

b) Good alignment after retrograde insertion of a solid 
nail (UHN) with static interlocking. 

c) Good callus has bridged the main fragments as well as 
the wedge at 8 weeks postoperatively. 


displacement of fragments occurs. The axillary 
nerve and the posterior circumflex humeral 
artery originate posteriorly and wind round 
the surgical neck about 5-6 cm below the 
acromion. 
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The radial nerve crossing the 
humerus becomes most 
vulnerable at the intramuscular 
septum. 
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Fig. 4.2.2-3: a) For antegrade nailing the transdeltoid approach is used. The patient is placed 
supine or semi-seated (Fig. 4.2.1-2) with the chest elevated about 30°. Humeral head and 
greater tuberosity are reached by splitting the deltoid muscle fibers just anterior to the acromion 
(Fig. 4.2.1-6). The ideal entry point is situated in the groove medial to the greater tuberosity. 

b) For the retrograde intramedullary approach to the humeral shaft, the patient is positioned 
prone with the fractured upper arm placed on a radiolucent side table. The region of the 
proximal shaft and the humeral head must be visible in two planes with the image intensifier for 
adequate proximal interlocking. 

c) An 8 cm skin incision is made on the dorsal side of the upper arm from the tip of the olecranon 
proximally. After triceps splitting, the dorsal triangular surface of the distal humerus is exposed. 
The capsule of the elbow joint is not opened. The entry point is located at the center of this 
triangle. To have an uncomplicated access to the medullary canal, the distal opening must be 
oblique enough and large enough. 
Three holes are drilled perpendic- 
ular to this dorsal surface with the 
3.2 mm drill bit. The holes are 
overdrilled with the 4.5 mm drill 
bit. The entry point is then enlarged 
to a width of 10 mm and a length 
of 20 mm using the 8.5 mm burr. 
The angle of the burr axis is de- 
creased progressively while drilling 
until the burr axis is almost in line 
with the path of the medullary 
canal. 
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retrograde approach 
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3 Preoperative planning 


3.1 Positioning and 
approaches 


Access to the humeral shaft for plating may be 
by either anterolateral or dorsal approaches. 
The proximal transdeltoid and the distal dorsal 
approaches are employed for nailing. 

For the antegrade approach the patient is 
placed supine or semi-seated with the chest 
elevated about 30°. For the dorsal approach, the 
patient lies prone on the table with the frac- 
tured side near to its edge and the head facing 
away. The fractured upper arm rests on a radio- 
lucent side table with the forearm hanging 
down (Fig. 4.2.2-3b) [14, 15]. 


3.1.1 Transdeltoid approach 


This is the approach used for antegrade nailing 
(Fig. 4.2.2-3a). 


3.1.2 Anterolateral approach 


Plating of proximal humeral shaft fractures 
may be performed through the anterolateral 
approach. This can be extended down the shaft 
for middle-third fractures. Care must be taken 
if this approach is used in distal-third fractures 
as the radial nerve hugs the lateral cortex and 
may be trapped under the distal corner of the 
plate (Fig. 4.2.2-4 and Fig. 4.2.2-5). 


3.1.3 Dorsal approach (Henry) 


This is most commonly used for fractures of 
the distal half of the humerus (Fig. 4.2.2-6 and 
Fig. 4.2.2-7). However, it is easily extended for 
more proximal fractures once the radial nerve 
is identified. Access for nailing requires an 
incision about 8 cm in length over the distal 
portion (Fig. 4.2.2-3b/c) (Video AO40080a). 


3.2 Reduction techniques 
and tools 


Reduction for plating should be atraumatic. It 
is achieved by careful traction to restore length, 
which is then maintained with pointed reduction 
forceps in oblique or spiral fractures. Transverse 


mi Video A040080a 
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Fig. 4.2.2-4: Anterolateral extensile approach. 

a/b) The incision begins at the coracoid process, and 
a) continues along the deltopectoral groove toward the 

deltoid insertion. The incision curves distally along the 
lateral border of the biceps and finally toward the 
antecubital fossa at the anterior border of the brachio- 
radialis. For proximal fractures the deltopectoral interval is 
opened to expose the humerus. As the incision extends 
distally, the brachialis muscle is split to expose the 
anterior surface of the distal humerus. Two nerves are at 
risk: the radial nerve where it pierces the intermuscular 
septum, and the lateral antebrachial cutaneous nerve as 
it exits between the biceps and brachioradialis muscle. In 
the distal portion of the anterolateral approach, the 
interval between brachioradialis and brachialis may be 
used. The radial nerve should be identified. 


1 Radial nerve 
2 Musculocutaneous j 
nerve ‘| 
3 Axillary nerve P 
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fractures are best reduced using the plate. The 
plate is placed extraperiosteally. 
In closed nailing, reduction is done with the 
nail partially inserted. Then, using it as a reduc- 
tion tool, the opposing fragment is picked up 
and engaged. Additional external manipulation | 
will help the process. 
In case of open reduction, the usual tools 
can be used. 


3.3 Choice of implant V 12-B2.2 


In the past, the recommended implant for plating 
was the broad DCP 4.5. Today the narrow LC- 
DCP 4.5 is preferred (Fig. 4.2.2-7). This plate will 
fit well on either posterior or lateral surface. It 
is important that the screws should be inserted 
in an offset pattern rather than in parallel 
sequence, to reduce the risk of fatigue fractures 
through rotational load. 

The solid humeral nail (UHN) is available in 
three diameters: 6.7, 7.5, and 9.5 mm. Its length lateral view frontal view 
varies from 190-325 mm. Both parameters 
must be determined before nail insertion. A 


radiographic ruler is available to measure length a) b) 

and diameter intraoperatively. The 7.5 mm nail 

is used as standard. Fig. 4.2.2-5: 
a) Humeral fracture in the middle third of the right shaft, 
type 12-B2.2. 
b) Anterolateral approach. ORIF with two independent 

4 Su rgical treatment— lag screws and a narrow 8-hole LC-DCP 4.5 as protection 

plate. 


tricks and hints 


In order to achieve adequate fixation of the 
plate, the screws should engage six to eight 
cortices (usually three to four holes) both above 
and below the fracture. The aim, wherever 
possible, should be interfragmentary compres- 
sion, either by placing a lag screw through the 
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b) 


1 Radial nerve 

2 Ulnar nerve 

3 Lateral intermuscular 
septum 

4 Axillary nerve 


a) 


Fig. 4.2.2-6: 

Dorsal approach for the distal third of the shaft. 

a) The skin incision begins at the tip of the olecranon and 
runs in a straight line over the posterior midline of the 
arm proximally. 

b) The triceps muscle is split bluntly between the long 
and the lateral heads. Distally, in the tendon, sharp 
dissection is necessary. The profunda brachii artery runs 
with the radial nerve in the spiral groove and is also at 
risk of injury. The radial nerve (1) must be identified. The 
ulnar nerve (2), though not generally seen, can be 
injured by careless retraction. Lateral intermuscular 
septum (3). 
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plate, or by applying axial load using the DC 
holes or the articulated tension device. No 
periosteal stripping should be done, either for 
plate fixation or screw placement. The use of a 
nerve stimulator during surgery can be helpful 
in finding the radial nerve [16]. However, it is 
much safer to inspect the nerve and make 
sure it is not under the plate, especially at the 
ends of the plate. 

Two different modes of nail assembly are 
available for nailing. To add interfragmentary 
compression and to enhance rotational stability, 
a specific compression device is used in trans- 
verse or short oblique fractures. This device has 


b) Dorsal approach for the distal 
third of the shaft. ORIF with a 
narrow 8-hole LC-DCP 4.5 as 
protection plate including a lag 
screw in the plate center. 


to be coupled from the start with the insertion 
handle and the nail. If no additional compression 
is to be applied, only the insertion handle is con- 
nected with the nail. Only minimal force is used 
for nail insertion. 

With careful rotational movements without 
using a hammer, the nail is advanced by hand 
to the fracture gap and beyond, after fracture 
reduction (Video AO40080b). Proximal inter- 
locking is done through the targeting device 
and distal interlocking is carried out freehand 
in anteroposterior direction. 

Various interlocking combinations proxi- 
mally and distally are possible. The authors 


A | 
Fig. 4.2.2-7: 
a) Distal humeral shaft fracture, 
type 12-A2.3. 


| To be safe, inspect the nerve. 
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Double interlocking is 
recommended proximally 
and distally. 


For external fixation, pins must 
be applied through safe zones. 


qa Video AO40080b 


advise double interlocking both proximally and 
distally (Fig. 4.2.2-8) [15]. 

Retrograde nailing (Fig. 4.2.2-3a/b): When 
the canal is very narrow, hand reamers are used 
to widen it. The nail is inserted without force, 
while its progress is monitored under image 
intensification. The nail tip should protrude just 
slightly into the humeral head. Only then are 
the locking bolts inserted by freehand tech- 
nique into the proximal third of the diaphysis 
where the cortex is thick enough for a reliable 
hold. 

Distally, dorsoventral interlocking is per- 
formed through the handle of the targeting 
device (Video AO040080c). 

For external fixation, a unilateral, half- 
pin frame is sufficient for fracture stabilization. 
The pins are applied through safe zones 
(Fig. 4.2.2-9). Because the courses of nerves and 
vessels vary, limited open placement of the pins 
is recommended. A small incision is made and 
bluntly dissected to bone and the guide is placed 
through this [17, 18]. 


a) b) 


Fig. 4.2.2-8: 

a) Spiral fracture of the humerus type 12-B1.2. 

b) Dorsal approach: Retrograde nailing with a 9.5 mm 
solid humeral nail (UHN) and two 3.9 mm locking bolts 
at the base and two perpendicular 3.9 mm locking bolts 
at the nail’s tip for static interlocking without the 
compression device. Periosteal consolidation after 

15 weeks. 
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Fig. 4.2.2-9: External fixation. 

a) Closed complex humeral shaft fracture (type 12-C3.1). 
b) Unilateral external fixation. The most distal Schanz 
screw is placed distal to the olecranon fossa. 

c) The one year follow-up shows complete consolidation. 


o Video A040080c 
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A complication in retrograde 
nailing is the creation of a 
supracondylar fracture. 


5 Postoperative treatment 


Postoperative management after stable osteo- 
synthesis with plates is straightforward. Mobili- 
zation begins with active assisted elbow and 
shoulder range of motion (ROM) until the inci- 
sion is healed. Active motion can then begin. 
Resistive exercises should be started only when 
evidence of bridging callus is visible on x-rays. 

After nailing, a sling is seldom required. 
Shoulder and elbow exercises can start imme- 
diately, but rotational movements against resi- 
stance should be avoided until bridging perio- 
steal callus formation is visible on x-rays. 

It is possible to treat the humerus until union 
with the external fixator. When a fixator has 
been in place a short time, less than 4-5 days, 
conversion to plate or nail may be performed 
in a single step. If the pins have been in place 
for longer, primary exchange to internal fixa- 
tion may not be safe. After removal of the fixator, 
a brace can be used as the clinical situation 
warrants and the soft tissues allow. 


6 Pitfalls and 
complications 


Inadequate fixation, poor soft-tissue handling, 
and circumferential periosteal dissection may all 
contribute to the development of a non-union. 
In plating, the principles of careful soft-tissue 
management should be followed closely. 

The most dramatic complication in retro- 
grade nailing is the creation of a supra- 
condylar fracture. Since a non-elastic implant 
has to be introduced through an eccentric portal 
into the intramedullary canal, the entry portal 
itself must be made large enough for the chosen 


nail. Moreover, the nail must always be intro- 
duced by hand and not with a hammer. 

Another feared complication is radial nerve 
palsy. In cases of secondary nerve palsy, explora- 
tion of the nerve is required. To prevent axillary 
nerve damage, it is advisable to make small skin 
incisions and perform blunt dissection to the 
bone, followed by drilling and interlocking. 
Careful soft-tissue management prevents peri- 
articular ossification in the rotator cuff or on the 
dorsal side of the elbow joint. 


7 Clinical results 


7.1 Nailing 


In a prospective multi-center study, 104 patients 
were healed with the UHN for humeral shaft 
fractures (Table 4.2.2-2). The average age was 
56.2 years. There were seven patients with 
severe closed soft-tissue damage and six open 
fractures. Primary radial nerve palsy was pre- 
sent in seven (6.7%) cases. Surgeons evaluated 
the procedure as excellent or good in 90% and 
patients as excellent or good in 95% of cases 
(Table 4.2.2-3). 

Plate fixation has consistent, good results 
when used for both open and closed fractures. 
Reviewing some published reports [7-9, 19], 
there are 214 humerus platings. There was a 
98% union rate with primary bone grafting 
used only for complex fragmented fractures. 
Infection was less than 1% and iatrogenic radial 
nerve palsy was 3%. Over 97% of these patients 
achieved a fully functional result (for their 
needs) as described by them. 
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Table 4.2.2-2: Indications for nailing in 104 patients (prospective multi-center study). 


Fracture type Distribution 

Fresh fractures 84 Proximal third 24 (23%) 
Pseudarthroses 11 Middle third 68 (66%) 
Pathological 7 Distal third 12 (11%) 
Refractures 2 


Table 4.2.2-3: Results of prospective series of 104 fractures fixed with UHN. 


Postoperative joint function 


Antegrade nailing Retrograde nailing 
41 cases 63 cases 
Shoulder 
35 (85%) excellent 57 (90%) 

4 (10%) moderate 5 (8%) 

2 (5%) bad 1 (2%) 
Elbow 
37 (90%) excellent 56 (89%) 

3 (7%) moderate 5 (8%) 


1 (3%) bad 2 (3%) 
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http://www.aopublishing.org/PFxM/422.htm 
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Brian J. Holdsworth 


1 Introduction 


Fractures of the distal end of the humerus can 
lead to difficult management decisions. There 
are fractures with a relatively good prognosis 
represented by extra-articular injuries and some 
of the partial articular injuries involving one or 
other of the condyles. The fractures with a bad 
prognosis are those that are complete articular 
as well as the multifragmented types of the 
supracondylar region. 

Significant stiffness, pain, and deformity can 
be seen following improper treatment of the 
fractures in both the adult and the child. Pro- 
longed immobilization usually leads to this 
stiffness, as would traction. In order to over- 
come this, stable reduction and fixation of the 
fractures are required so that active motion can 
be started early to produce the best possible 
result. 

Other factors influence the outcome apart 
from the fracture. The age of the patient is 
significant for the risk of osteoporosis. The 


Humerus: distal 


weakest link of any internal fixation construct 
is the attachment to the bone. If the patient has 
osteoporotic bone, it will be difficult to hold the 
fixation and thus achieve a stable construct and 
early motion. 

The type of fracture is significant in that it 
involves the joint surface itself, and if the 
surface is fragmented, a poor result will also 
occur. Whether or not the fracture is open or 
closed, and the amount of soft tissue associated 
with this, will also influence the functional 
outcome. Other soft-tissue injuries, notably 
vascular injuries, are particularly important for 
the overall function of the extremity. 

These factors may lead to changes in the 
decision making as to how one would best 
obtain stable internal fixation and postoperative 
motion, but do not negate the concept that a 
well reconstructed and stable joint fixation with 
early active motion will produce the best result. 
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13-A1.2 


13-B2.1 


13-C3.2 


Fig. 4.2.3-1: AO Miller Classification 


| Be aware of nerve injury! 


2 Assessment of fractures 
and soft tissues 


2.1 Classification 


The pattern of elbow fractures can vary con- 
siderably and an understanding of the different 
types, leading to proper classification, is indis- 
pensable for correct decision making (Fig. 4.2.3-1). 
Certain important groups require comment. 

Type A (extra-articular) avulsion fractures of 
the condyle(s) are usually associated with dis- 
location. Treatment of the dislocation takes 
precedence. Entrapment within the reduced 
joint of bony fragments, with or without nerve 
or soft-tissue attachments, must be avoided. 
The elbow must be stable after reduction. 

Type B3: These may be multifragmentary 
and, in the elderly, very difficult to stabilize. 

Type Cl: This fracture is easy to fix, but 
uncommon. Hidden fracture lines should be 
carefully sought. 


2.2 Neurovascular problems 


Severe disruption of any nerve or vessel 
passing the elbow may occur with distal 
humeral fractures. Laceration of nerves is 
rare, but traction injuries or nerve entrapment 
may occur. Finger movements and sensation 
are tested with the arm gently supported. 
Enormous swelling may threaten the circu- 
lation but it may usually be maintained by 
simple elevation in extension while treatment 
is planned. 


Severe pain and the inability to tolerate 
finger extension, whether active or passive, 
point to the presence of a compartment syn- 
drome (see chapter 1.5). If the brachial artery 
has been divided, the excellent collateral circu- 
lation can sustain the forearm tissues. Simple 
ligation of the lacerated artery relaxes collateral 
spasm and micro-vascular repair may not be 
needed. Small penetrating wounds are common 
but, in civilian practice at least, major skin loss 
is rare. Prompt surgery reduces the risk of sepsis. 
Crushing injuries carry a risk of major skin 
necrosis from degloving, so incisions must be 
planned and placed with care. The elbow is 
intolerant of immobilization and delay while 
assessing tissue viability is not usually an option. 


2.3 History of mechanism 
of injury 


The amount of energy imparted to the tissues 
is estimated by a careful history. The strength 
of the patient’s bone is crucial; in the elderly a 
simple fall may cause complex fractures. Osteo- 
porosis makes fixation difficult, but it is still 
feasible [1]. The general medical history is also 
vital. Good results after fixation require coop- 
erative patients willing to practice active post- 
operative movements. Problems can arise in 
patients with severe head injuries, dementia, 
alcoholism, or drug addiction. Non-operative 
treatment, despite some inevitable stiffness, 
may be preferable to failed internal fixation. 

Heterotopic ossification may follow intra- 
cranial damage and is made more likely by 
delayed fixation and by passive stretching of the 
elbow. 
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2.4 Imaging 


High-quality plain x-rays (AP, lateral + oblique 
views) are needed. Sedation or anesthesia 
will permit the use of gentle traction during 
x-ray. This helps to clarify the fracture pattern 
and to assist in preparing the definitive pre- 
operative drawings. Views of the normal side 
are helpful for planning. Hidden fragmentation 
is a hazard and is not always detected by less 
experienced surgeons. CT or MRI scanning has 
so far proved to be of limited use but, with 
better resolution techniques, 3-D reconstruc- 
tion scans may prove helpful. Fixation and 
approach vary with the type of fracture, 
hence accurate classification of the fracture 
is essential. 


3 Surgical anatomy 


The lower humerus forms a strong bony triangle. 
The radial column has the capitellum on its 
front surface but its back is non-articular and 
may be used as a site for a plate. The bobbin- 
shaped trochlea is central rather than medial 
and the axis of rotation lies slightly in front of 
the humeral shaft. 

The small anterior fossa accommodates the 
radial head in flexion, and for full movement 
the anterior and posterior fossae must be clear 
of metal. The collateral ligaments are essential 
for stability. The ulnar ligament lies close to the 
wall of the trochlea, where it is vulnerable to 
excessive dissection (Fig. 4.2.3-2). 


4 Preoperative planning 


Planning includes the entire surgical tactic 
(antibiotics, surgical approach, bone grafting, 
etc.), set out step by step (Fig. 4.2.3-3). If it is 
not possible to make an exact drawing of the 
planned fixation, the choice of procedure (or of 
surgeon) should be reviewed [2]. 


anterior 


lateral medial 


a) posterior 


Fig. 4.2.3-2: 

Surgical anatomy. 

a) Inferior view of distal 
humerus. Note: Only the 
anterior aspect of the 
capitellum is articular and 
covered by cartilage. 

b) The trochlea is central 
between the columns and 
slightly (15°) anterior. 


anterior 


ye 
A 


posterior 


15° 


Traction views facilitate 


assessment and planning. 


Careful planning according to 


fracture pattern. 
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A tourniquet is rarely required. | 


For elbow fractures a prone 
position is best. 


4.1 Positioning and 
approach 


The lateral decubitus position is usual, as most 
fractures are type C2 or C3. For severe C3 frac- 
tures, in otherwise fit patients, the fully prone 
position allows excellent access. The arm 
rests on a padded bar of about 4 cm diameter 
allowing 120° flexion of the elbow (Fig. 4.2.3-4). 
A bone graft is rarely needed, but with C3 
fractures it is wise to prepare a donor site. 


(ulnar) 


Fig. 4.2.3-3: Planning: The different fragments are outlined and reduced 
on paper using the intact opposite bone as the template. The plates 
(reconstruction plate 3.5, LC-DCP 3.5, or one-third tubular plate 3.5) are 
then drawn in appropriate length and position for placement on the bone. 


In most cases a tourniquet, preferably sterile, 
is placed high on the arm and sealed at its lower 
edge to avoid chemical burns from skin pre- 
paration fluid. A tourniquet is not essential 
but can make it easier to identify the ulnar 
nerve. It may be omitted if the humerus is 
short or when the fracture extends far up the 
shaft and should in any event be released and, 
if possible, removed after a maximum of two 
hours. 

All fractures are approached through a 
slightly curved posterior incision just radial to 


Fig. 4.2.3-4a: Positioning of the patient in 
lateral decubitus with the upper arm 
supported by a padded post. 


Fig. 4.2.3-4b: The patient lies prone with 
the arm on a radiolucent support, or (as 
illustrated) a padded post. Either gives 
maximum freedom to approach the elbow. 
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Fig. 4.2.3-5: a)The skin incision starts in the middle of 
the dorsal aspect of the humerus curving gently on the 
lateral (radial) side around the olecranon to the posterior 
crest (1) of the ulna. Ulnar nerve (2). Radial nerve (3). 


b) With the olecranon (4) osteotomized the insertion of 
triceps (5) is mobilized and pulled either to the medial 
side or proximally. This gives an excellent overview of the 
distal humerus including the articular components. 
Trochlea humeri (6). Radial epicondyle (7). 

Ulnar epicondyle (8). 
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Olecranon osteotomy and with 
reflection of triceps gives the 
best exposure of trochlea and 
capitellum. 


Fig. 4.2.3-6a—c: Chevron osteotomy of the olecranon: Fig. 4.2.3-6d/e: Reconstruction after surgery with two 
starting with a fine oscillating bone saw (a) and finishing K-wires and figure-of-eight tension band wire (d) or 
by breaking the last few millimeters with an osteotome tension band wire and 3.5 mm lag screw (e). 


(b & c). 
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the olecranon. A distally pointed chevron 
olecranon osteotomy best exposes the frac- 
ture [3] (Video AO20142Ba) and allows stable 
fixation (Fig. 4.2.3-5, Fig. 4.2.3-6). The ulnar 
nerve is gently identified and may need to be 
isolated and elevated at the ulnar epicondyle. 


4.2 Reduction techniques 
and tools 


An experienced assistant helps to control the 
fragments during the reduction phase, often 
the most demanding part of surgery. There 
are situations when distraction with an external 
fixator may be helpful. Temporary K-wire fixa- 
tion helps during this process but should never 
be relied on for definitive fixation. The plan 
should be consulted throughout surgery, to 
ensure that definitive placement of implants is 
not hampered by inappropriate siting of tem- 
porary fixation. Pointed reduction forceps, 
small and large, are most useful. Assembly of 
the trochlear fragments, in accordance with the 
standard technique, may well prove possible, 
but when any large fragment obviously fits well 
to the shaft, it is often preferable to reduce and 
fix it first, whether or not it forms part of the 
main joint surface. A plastic model is useful 
to recall the complex shape of the lower 
humerus (Video AO20142Bb). 


4.3 Choice of implant 


Within fracture types, a pattern of implant 
selection emerges as follows: 

Type A: Fixation is rarely needed, as the 
principal injury is a dislocation. For larger frag- 
ments, 3.5 or 4.0 mm screws are more reliable 


than K-wires. Cannulated screws may greatly 
facilitate the procedure. 

Type B: There is a need to be wary of pos- 
sible trochlear involvement as revealed by a 
double capitellar outline on the lateral x-ray [4]. 
For simple isolated lateral column injuries, a 
single plate may be used or screws alone from 
back to front, but without penetrating the 
articular surface. 


go Video A020142Bb 
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A distally pointed chevron 
olecranon osteotomy best 
exposes the fracture. 


Reduction is usually the most 
demanding part of surgery. 


Use bone model to recall 
shape of distal humerus. 
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Fig. 4.2.3-7: 

Different steps in reconstructing a 
complex, multifragment distal 
humerus fracture. 

a) Inside-out technique for the K- 
wire (1.6 mm) to reconstruct the 
trochlea and capitellum. 

b) After reduction of three articular 
fragments, the K-wire is drilled in 
the reverse direction. It may be 
used as a guide for a 3.5 mm 


ow 
ae 


WW 


e) 


cannulated screw or a screw may 
be placed parallel to it (c). 

d) Once the articular components 
are firmly fixed as one block, this is 
then joined to the shaft of the 
humerus, again using temporary 
K-wires. 

e) To join the articular block to the 
humerus we first place a precisely 
contoured reconstruction plate 3.5 
on the postero-lateral side. It may 


GEI ) 
erni o ratty 


curve around the capitellum which 
has no cartilage cover posteriorly. 
On the medial side we prefer to 
place the plate on the crest of the 
bone (at right angles to the lateral 
plate), which increases stability. 
Again, a reconstruction plate may 
be used although the one-third 
tubular plate serves the same 
purpose and fits very well onto the 
crest. 
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Type C: Two plates are needed for adequate 
strength, which may be increased by placing 
them at right angels to each other. The forces 
generated in everyday exercise may disrupt 
unprotected screw fixation. For firm fixation, 
the lateral plate should reach down to the joint 
line. The complex shape of the restored lower 
humerus requires a full range of plate bending 
and twisting equipment. 

A DCP 3.5 or reconstruction plate 3.5 must 
be used. The medial plate lies virtually along the 
supracondylar crest, though this is very narrow. 
It curves forward very little, if at all. One-third 
tubular plates may be used but are not recom- 
mended; reconstruction plates 3.5 are prefer- 
able. For the capitellum, fully threaded small 
fragment cancellous bone screws are introduced 
through the radial plate (Fig. 4.2.3-7). In the 
humerus, K-wires are used only for provisional 
fixation. 


5 Surgical treatment— 
tricks and hints 


Because adult elbows are intolerant of even a 
few days of immobilization and heterotopic 
ossification tends to follow operations delayed 
a week or more, the window of opportunity for 
fixation is quite narrow. In open fractures 
urgent débridement and stable internal fixation 
are essential. Major soft-tissue loss, rare in 
civilian trauma, requires immediate assistance 
from a plastic surgeon. 

These fractures require classical stable 
internal fixation. “Minimalist” procedures 
will not allow early and enthusiastic move- 
ment, so, in adults, tenuous fixation by screws 
or wires alone is never appropriate. 


Active movement starts within 24 hours. 
Children are more tolerant of joint immobili- 
zation and, for them, minimal fixation may be 
used [5]. 

For optimal fixation, a well-drawn plan 
should be followed throughout the operation, 
the aim, when feasible, being to place two, or 
preferably, three screws above and below the 
fracture in each plate. The fossae must be free 
of screw shafts. When possible, plates at right 
angles to each other create a girder-like struc- 
ture, which strengthens the fixation (Fig. 4.2.3-7). 
The postero-lateral plate, which will function as 
a tension band during elbow flexion, is first 
provisionally applied. It is contoured according 
to the shape of the bone to restore the anterior 
tilt of the capitellum. It may reach down to the 
joint surface. Initial fixation around the triangle 
of the distal humerus should be provisional 
only. A slight malrotation of the trochlear frag- 
ments frequently prevents completion of the 
final corner of the triangle, requiring that the 
initial fixation be adjusted. Once the medial side 
plate is in place, the lateral plate can be defini- 
tively fixed. A long cortex screw, lagged to allow 
stable compression, passes transversely through 
the medial plate. However, if this screw is lagged 
in the presence of central comminution or a gap, 
it may result in articular incongruity. Precise 
plate positioning is critical for optimal 
fixation. Fragments should not be thrown 
away as even the smallest may give a clue to 
correct re-assembly. Small fragments may safely 
be left in place if the remainder of the fixation 
is stable. Bone grafts for articular defects are 
rarely needed (Video AO20142Bc). 

Soft-tissue attachments are preserved as far 
as possible but even if fragments have become 
detached, they rarely cause any late problems 
if soundly fixed, unless gross contamination has 


Correct plate positioning is 
critical for optimal fixation. 


Articular fractures require 
classical ORIF with anatomical 
reconstruction and rigid 
internal fixation. 
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Postoperatively active assisted 
exercises are best. 


TO Video AO20142Bc 


occurred in open fractures. Well-buried tension 
band wiring allows full excursion of the triceps 
in extension and reliably fixes the olecranon 
osteotomy. Some surgeons doubt that straight 
K-wires add much to olecranon stability and 
use two simple figure-of-eight wires. A large 
cancellous bone screw, even with a loop of wire, 
cannot function as a tension band and has an 
increased rate of non-union (Fig. 4.2.3-6) 
[6, 7]. 

Finally, the reconstructed elbow is put through 
a full range of movement, including rotation. 
Careful palpation is needed to exclude impinging 
screws or wires and to detect any movement 
between the fragments. 

The ulnar nerve is usually replaced in its 
bed, even when near a plate, with its position 
precisely recorded in the operation note. 

Before the patient is woken from anesthesia, 
on-table x-rays are carefully scrutinized (close- 


up!). A casual glance will miss subtle problems. 

With practice the great majority of fractures 
can be firmly fixed using the techniques de- 
scribed. However, for elderly patients with 
grossly fragmented soft bone and a very distal 
fracture pattern, total elbow replacement may 
be a good option [8]. 

This is not appropriate in younger fit adults 
or when the supracondylar ridges are badly 
disrupted. For very low fractures at epicondylar 
level, tension band wiring is a possibility. 

Wound closure: Operative incisions are closed 
gently with fine sutures or staples, avoiding 
excess tension. A suction drain is used for 24 
hours. Lacerations in open fractures are never 
closed at the first operation. Delayed primary 
closure at 72 hours is much safer. Small punc- 
ture wounds are left to heal and active exercises 
practiced as normal. 


6 Postoperative treatment 


After effective fixation, plaster of Paris should 
not be needed or used. Postoperative swelling 
is usual and tight bandages or plaster risk a 
compartment syndrome. Active movements 
start at 24 hours, when the drain is removed. 
Intermittent passive stretching by a second 
person is not allowed. However, continuous 
passive motion (CPM) seems safe but is not 
obligatory. A loosely applied sling is used for res- 
pite following frequent spells of active exercise. 
Active assisted exercises are allowed, but 
resisted exercises are delayed for 4 weeks. 
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bed 7 ‘Pitfalls and complications 


7.1 Stiffness 


The most common error is not to achieve sound 
fixation. This often means splinting the arm for 
several weeks and is followed by extreme and 
usually persistent stiffness. Heterotopic ossifi- 
cation varies in severity [9]. The presence of a 
little collateral new bone on x-rays does not 
represent a clinical problem. Head injured 
patients are more vulnerable, especially when 
operation is delayed above 5 days. Radio- 
therapy has been suggested, but young adults 
have many years during which to develop 
unforeseeable complications [10]. 


7.2 Non-union 


Inadequate fixation will not withstand the 
considerable forces generated by early active 
movement and so non-union may follow. It 
also results from breakage of implants, and use 
of one-third tubular plates is no longer recom- 
mended as a routine [11]. The exception may 
be on the ulnar side if a strong fixation has been 
achieved radially by a well-positioned and more 
robust plate. 


7.3 Infection 


This is relatively rare despite the thin soft-tissue 
cover, which is often punctured in the initial 
trauma. Prophylactic antibiotics are given and, 
in open fractures, continued for 48 hours at 
most or until the wound is dry. If the wound is 
becoming inflamed, early revision and débride- 
ment may prevent a disaster. 


7.4 Ulnar neurapraxia 


Tingling in the ulnar nerve distribution is com- 
mon but rarely persists. Traction on the re- 
tracted nerve must be avoided during the 
operation. Occasional late ulnar palsy may 
need decompression, hence the need to record 
the exact position of the nerve relative to the 
metalwork. Prophylactic transposition is not 
recommended. It causes a longer period of 
initial neurapraxia and seems not to be neces- 
sary. 


7.5 Failure of initially sound 
fixation 


Loosening of olecranon wires, common in the 
elderly, is minimized by burying them deep to 
the triceps. Screw fixation in osteoporotic bone 
may fail. Early weight bearing on the arms is 
forbidden. 


8 Results 


Before stable fixation techniques were devel- 
oped, a strong body of opinion was opposed to 
operative intervention. An average range of 
about 90° follows the “bag of bones” technique 
of fostering early movement ignoring the 
fracture [12]. It was believed that recovery to 
anything resembling normality was impossible 
and any discernible movement was hailed as a 
“good” result. Limited open reduction, in- 
evitably requiring immobilization, combines the 
disadvantages of both closed and open treat- 
ment [13]. 


The ulnar nerve is a most 
vulnerable structure. 
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“ig. Fracture of 
distal humerus 13-C in an 
18-year-old male. 


“ig 5-8b: Postoperative 
view with stable internal 
fixation. 
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Comparisons between series are hampered 
by use of differing criteria for “good”, “fair”, etc. 
However, the Cassebaum rating has proved 
helpful [3]. This defines “excellent” as pain free 
with no more than 15° loss of flexion or ex- 
tension, reducing to “good” at 40-120° and to 
“fair” when flexion was less than 110°. 

Most recent series using these criteria found 
75-80% of patients achieved at least a “good” 
rating [13-15]. Fractures of the distal humerus 
are very difficult and no one claims less than 
about 15% of poor results. 


8.1 Conclusion 


Planning is mandatory. lf it is not possible to 
plan and draw the proposed fixation or a very 
close approximation to it, then the patient 
should be referred immediately to a surgeon 
more experienced in elbow problems. 

Sound fixation and early active movement 
are essential. 1f this looks impossible to achieve, 
the operation should not be started. 

With sound technique and cooperative 
patients, excellent or good results, measured by 
relatively strict functional criteria, should be 
achieved in about 80% of patients. 


Fig. 4.2.3-8c: One year 
follow-up with excellent 
functional result. 
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Jaime Quintero 


1 General aspects of 
proximal forearm injuries 


Proximal forearm fractures can lead to severe 
dysfunction, arising from posttraumatic insta- 
bility, impingement, malunion, or non-union. 
These injuries may involve one or more of the 
three different articulations that constitute the 
elbow: the ulnotrochlear joint, the radiocapitellar 
joint, and the proximal radioulnar joint [1-6]. 

The structural anatomy of the elbow joint is 
considered in Fig. 4.3.1-1. 


anterior 


lateral medial 


posterior 


Fig. 4.3.1-1: Distribution of articular cartilage on distal 
humerus viewed from below, see also Fig. 4.2.3-2 on 
distal humerus fractures. 


Olecranon/radial head/ 
complex elbow injures 


Osteochondral fractures or loose bodies are 
not uncommon, especially with radial head 
injuries associated with capitellar abrasions. 
Higher energy fractures may produce associated 
distal injuries such as forearm fractures, rup- 
tures of the interosseous membrane, distal 
radius, and distal radioulnar joint disruption; 
these must be diagnosed, so an x-ray of the 
entire forearm is advisable. 

In order to promote early functional 
treatment, it is essential to achieve precise 
anatomical reconstruction of the different 
ring structures [2]. This requires not only re- 
duction of the osseous components but also 
the restoration of the tension of the liga- 
mentous and capsular avulsions. 

Occasionally, and in the absence of associated 
ligamentous instability, grossly comminuted frag- 
ments may be excised. In elderly people a com- 
minuted olecranon may be treated by resection 
and reattachment of the triceps, provided no 
fractures of the coronoid process or avulsion of the 
anterior capsule are present. Similarly, the com- 
minuted radial head, if not amenable to recon- 
struction, may be replaced by a prosthetic spacer, 
which will allow healing of the torn capsule or 
ligaments without compromising the function of 
the elbow or forearm [2, 6-8]. 

Classification of proximal forearm fractures 
is illustrated in Fig. 4.3.1-2. 


Early functional treatment calls 
for precise anatomic recon- 
struction of the different ring 
structure: osseous, ligamen- 
tous, and avulsed fragments. 


21-Al.3 


21-B2.1 


21-C3.2 


Fig. 4.3.1-2: AO Müller Classification 
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Even simple transverse or 
oblique fractures may be 
associated with dislocations. 


2 Olecranon 


Because its subcutaneous position makes it 
quite vulnerable to direct trauma, hyperexten- 
sion, and torsion, fractures of the olecranon are 
among the most common of elbow injuries. 


2.1 Assessment of fractures 
and soft tissues 


The fracture usually represents a disruption of 
the triceps mechanism combined with a bend- 
ing moment over the distal end of the trochlea, 
inducing the characteristic transverse and 
oblique B1 patterns. More direct forces gene- 
rate comminution (fragmentation) and impac- 
tion of the central portion of the olecranon 
articular surface and, occasionally, avulsions of 
the coronoid process [5]. 

The patient has pain and usually is not able 
to use the elbow. The skin can be swollen, 
contused, or bruised. The lateral view clearly 
shows the fracture line, the amount of displace- 
ment and, usually, the degree of comminution 
(fragmentation), if present. A lateral tomogram 
is useful to clarify the degree of articular im- 
paction. Complex fractures may be associated 
with an anterior dislocation of the forearm 
(transolecranon fracture dislocation) or a post- 
erior type II Monteggia lesion [4, 9]. 

Several classification systems have been 
described, but what matters is that simple 
transverse or oblique fractures cannot be 
relied on to represent the typical stable 
pattern as they can be associated with 
elbow or forearm dislocations. In the same 
way, multifragment fractures are likely to be 
more stable if confined to the trochlear notch, 
or grossly unstable if they involve the coronoid 
process or proximal ulna [8]. 


2.2 Preoperative planning 


2.2.1 Positioning and approaches 
The patient should either be prone or in the 
lateral position with the elbow flexed over a 
side rest (see Fig. 4.2.3-4). The supine position 
with the forearm placed across the chest is an 
acceptable option (Fig. 4.3.1-3), especially with 


| 


Fig. 4.3.1-3: Supine position of the patient. The elbow is 
placed onto the chest of the patient or on an a armrest. 
Olecranon fractures are easily approached from the 
posterior aspect. The ulnar nerve is usually identified and 
protected during the operative fixation. If needed, 
separating some of the fibers of the anconeus muscle 
from the lateral side can adequately expose the joint and 
depressed fragments. 
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The skin incision runs posteriorly from the 
supracondylar area to a point 4 or 5 cm distal 


to the fracture. It can be gently curved to the 

radial side to protect the ulnar nerve or to avoid | 

skin bruises or lacerations. Large skin flaps w Large skin flaps may not heal 
may not heal well and should be avoided 2 i well and should be avoided. 
(see Fig. 4.2.3-5). 


extended approaches to the lateral pillar or 
column. A sterile tourniquet is placed on the w. 
upper arm after skin preparation and draping. | ee 


2.2.2 Reduction techniques and 
tools 


A direct reduction technique, using hooks, point- 

ed reduction forceps, or K-wires, isthe method Fig. 4.3.1-4: 
of choice for articular fractures (Fig. 4.3.1-4), a) Direct reduction technique 
Multifragmentary fractures may require an f©' intra-articular comminution. 
indirect reduction technique. 


= ; k b) Correct reduction of the coronoid 
2.2.3 Choice of implants—tension process must be checked before its 


band principle preliminary fixation with a K-wire. 


Two K-wires (1.8 or 1.6 mm) as internal splints 
and a 1.0 mm stainless steel cerclage wire are 
the implants of choice for simple transverse and 
oblique fractures (Video A000072). An addi- 
tional lag screw should be used in selected 
oblique fractures to obtain uniform compres- 
sion (Fig. 4.3.1-5). An interfragmentary cancel- 
lous bone lag screw with an additional cerclage 
wire is an alternative. A posterior plate (one- 
third tubular plate, LC-DCP 3.5, or recon- 
struction plate) is preferred for comminuted 
fractures (Fig. 4.3.1-6). 


Te Video A000072 
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Fig. 4.3.1-5: a) Simple olecranon fractures are best 
reduced and held in place with a hook, followed by two 
1.6 mm K-wires, which are introduced parallel to each 
other and which must penetrate the distal cortex. 

b) A 1mm stainless steel wire is passed through a 2.0 
mm hole in the ulna and in a figure-of-eight through the 
triceps insertion at the olecranon. 


c) The final aspect with the tension band wire in place. 

d) In case of an oblique fracture that tends to shear off 

when the wire is tightened, a 4.0 mm lag screw may be 
used in place of the K-wires. 


4.3.1 Olecranon/radial head/...elbow injuries—J. Quintero 


"a 


a) 


Fig. 4.3.1-6: 

a) In more complex olecranon fractures, the tension 
band principle with cerclage wire may not work. 
Therefore, a small plate (one-third tubular plate, DCP 3.5, 
LC-DCP 3.5, or reconstruction plate) is used. 


2.3 Surgical treatment— 
tricks and hints 


Transverse and oblique fractures 


Flexing the elbow and detaching some fibers of 
the anconeus muscle from the lateral aspect 
exposes the fracture and articular surface. After 
irrigation and cleaning of the joint, the fracture 
is reduced. 

Direct reduction is achieved by extending 
the elbow and simultaneously reducing the 


b) These plates require considerable contouring to bend 
around the tip of the olecranon. The plate is first 
anchored to the olecranon by two screws and then the 
tensioning device is added distally to compress the 
fracture. 

c) The final aspect of the fixation with an additional lag 
screw through the plate. 


fragments with a pointed clamp, anchoring its 
distal point on the diaphysis in a predrilled 
small hole. The method of choice is tension 
band fixation with two K-wires; for technique 
see Fig. 4.3.1-5. 

For oblique fractures, prior to the tension 
band fixation, an additional lag screw may be 
inserted at a right angle to the fracture plane. 
For more distal fractures, or those associated 
with soft-tissue instability, a posterior plate is 
preferred. 


327 


328 


Active assisted exercises are 
started on the first post- 
operative day. 


Multifragmented fractures 


In cases where a simple depressed fragment can 
be directly reduced and fixed with one or two 
K-wires, a regular tension band is then applied 
as described. For more complex comminuted 
fractures an indirect reduction is preferred. 
Definitive fixation is obtained using a DCP 3.5 
or LC-DCP 3.5 contoured to the proximal ulna. 
The most proximal screws are directed to the 
medullary canal and placed at a 90° angle to the 
other screws, thereby creating an interlocking 
construct [9-11]. 

An alternative option requires a one-third 
tubular plate. This is cut through an end screw- 
hole and bent to form a bifid hook, which 
engages into the proximal fragment where it 
can be additionally fixed with screws (Fig. 4.3.1-7). 


Fig. 4.3.1-7: Alternatively to Fig. 4.3.1-6, a one-third 
tubular plate may be shaped—or cut—to form two sharp 
hooks that engage into the tip of the olecranon for better 
purchase in case of quite small fragments. 


If a distractor is not available, the plate is used 
as a lever to facilitate reduction to the diaphysis. 
Because the plate is thin and can fail under 
load, this fixation should be augmented with a 
tension band wire or a further one-third plate 
on top [12]. 


2.4 Postoperative treatment 


A suction drain is placed and the elbow is 
wrapped in a bulky dressing. During the first 
24—48 hours, a dorsal splint may promote com- 
fort but is not essential. Active assisted exer- 
cises are started the day after, including 
gravity assisted elbow flexion with the patient 
lying supine. During the first weeks an active 
exercise program should be closely monitored 
by the treating surgeon in order to avoid elbow 
contractures. At 3—4 weeks resisted exercises 
can be started and the patient usually returns 
to work. 


2.5 Pitfalls and 
complications 


After the fracture has healed, prominent or pro- 
truding K-wires may cause pain and require 
removal, which is otherwise optional. Non- 
unions are rare and usually unite after repair 
with the methods already described [10, 13]. 


2.6 Results 


Most olecranon fractures heal primarily. The 
majority of patients recover a functional range 
of motion, frequently with small losses of ex- 
tension, usually with no associated disability. 
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3 Radial head 


3.1 Assessment of fractures 
and soft tissues 


Fractures of the radial head are caused by a fall 
on the outstretched hand, with the forearm 
slightly flexed and pronated. Fracture patterns 
range from simple and non-displaced to multi- 
fragmentary and severely impacted. Elbow 
dislocation and associated soft-tissue injuries 
are not uncommon, as are fractures of the distal 
radius. 

The patient is usually in severe pain and 
cannot rotate the forearm. Because extension is 
also difficult and painful, an AP view is taken 
perpendicular to the forearm (Fig. 4.3.1-8) with, 
in addition, lateral and oblique radiocapitellar 
views. However, simple x-rays are often diffi- 
cult to interpret and an accurate assessment of 
the fracture configuration and associated in- 
juries may be possible only at the time of sur- 
gery. Additional imaging techniques (tomo- 
grams, CT scan, MRI) are seldom indicated [14]. 

Stable fractures which do not interfere 
with forearm rotation may be best treated 
by early motion. 

Unstable fractures (Fig. 4.3.1-9) include those 
with displaced or loose fragments, associated 
fractures of the capitellum, olecranon or coro- 
noid process, elbow dislocations, ligamentous 
avulsions, and distal wrist injuries. These un- 
stable fracture configurations are best treated by 
operative fixation or radial head replacement 
[5-8, 15-19]. 


Fig. 4.3.1-8: For the AP x-ray of the radial head the 
direction of the beam must be perpendicular to the radial 
head, as the elbow can rarely be extended. 


3.2 Preoperative planning 


3.2.1 Positioning and approach 

The patient is positioned supine on the table 
and the extremity is prepared from the axilla to 
the hand to allow rotation of the forearm and 
flexion and extension of the elbow during the 
operative fixation. The standard lateral approach 
is most commonly used (Fig. 4.3.1-10). Care 
must be taken to avoid the deep branch of the 
radial nerve, which runs anteriorly to the capsule 
and the radial head. To minimize the risk of 


Stable fractures are best 
treated by early motion. 


329 


330 


O 
NG 


c) 


Fig. 4.3.1-9: 

Typical radial head fractures (21-A and 21-B). 

a) Displaced shearing fractures B2, b) complex articular 
fracture with impaction B3, c) extra-articular tilt of radial 
head A2 often combined with ligamentous avulsion. 


operative disruption of the lateral collateral 
ligament, the capsular incision should remain 
in front of the anterior margin of the anconeus 
muscle and parallel to the fascial limit of the 
extensor carpi ulnaris. The annular ligament, a 
true thickening of the capsule, is opened late- 
rally or slightly anteriorly to allow full inspec- 
tion of the fragments. In selected cases an 
osteotomy of the lateral epicondyle should 
provide an extensile approach [19, 20]. 


3.2.2 Reduction techniques 


Direct reduction and temporary fixation are 
obtained with a dental hook and fine pointed 
forceps. Gentle rotation of the forearm allows 
inspection of the circumference of the radial 
head and neck. Provisional fixation is then 
performed with 1.0 mm K-wires (Fig. 4.3.1-11). 


3.2.3 Choice of implant 


Mini fragment screws can provide stable fixa- 
tion when interfragmentary compression is 
applied, with 1.5 and 2.0 mm screws used as lag 
screws to fix marginal or wedge fragments. In 
impacted fractures the same screws can be used 
as positioning screws, i.e., not as lag screws, to 
avoid compression, which would narrow and 
distort the radial head. In fractures that are 
impacted, comminuted, or associated with a 
fracture of the radial neck, a mini T-plate or 
L-plate should be used to support the repair. 
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Fig. 4.3.1-10: Approach to 
the radial head. 

a) The incision starts 2-3 cm 
proximal to the lateral 
epicondyle and curves dorsal 
to it across the joint parallel 
to the radius for 3—4 cm. 


b) The deep structures are readily seen and if not already 
torn, the annular ligament is incised as well as the 
muscle fibers to free the proximal end of the radius. Be 
aware of the proximity of the deep branch of the radial 
nerve that can easily be damaged. 
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Fig. 4.3.1-11: a) The articular surface must be freed from 

interposed fragments and exactly reduced with K-wire fixation. 

Finally, one or two 1.5 mm or 2.0 mm cortex lag screws are 
R inserted. The screw head should be slightly countersunk. 


b) In case of comminution a bone 

graft (from the epicondyle) may 

be needed for the reconstruction 

as well as several small screws E> 
inserted in different directions. 


j ° 
| 
t 
—~ c) If the radial head is tilted more than 
Pi Ci 20°, it should be elevated and fixed. 
Again, a bone graft is required. For the 


fixation, a 1.5 or 2.0 mm screw may be 
sufficient. Otherwise an adaptation plate 
1.5 or 2.0 or a T-plate 1.5 is applied. 


d) 


d) Irreparable radial heads 
should be replaced by 
prostheses, especially if 
elbow stability is at stake. 
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3.3 Surgical treatment— 
tricks and hints 


From the standpoint of operative reconstruc- 
tion, four types of fracture patterns should be 
identified [20]: wedge, impacted, multifrag- 
mentary, and neck fractures (Fig. 4.3.1-11a—c). 


¢ Wedge fractures: The fracture is easily 
reduced and fixed with one or two 
2.0 mm lag screws. Small pieces of 
capitellar cartilage are frequently found 
entrapped in the fissure and should be 
removed. The screw heads should be 
countersunk to allow free forearm 
rotation. 

¢ Impacted fractures: Impacted fragments 
can be found as depressions of the 
periphery or on the central surface. 
These are gently lifted using a dental 
hook or small elevator. If necessary, the 
remaining defects may be filled with 
small amounts of cancellous bone 
obtained from the lateral epicondyle. 
Provisional fixation is secured by means 
of 1.0 mm K-wires. Mini screws are 
used as position screws or a small mini 
plate may be added to support the 
reduction. 

e Multifragmented fractures: The frag- 
ments are carefully reduced and provi- 
sionally fixed with K-wires. Two or 
three 2.0 mm screws are used to hold 
the reduced articular surface, as de- 
scribed. Usually one pillar of the radial 
head remains intact and some thin 
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periosteal connections remain between 
the fragments. These should be pre- 
served while reducing the fragments. 
Even in complex injuries there are sites 
where a small T-plate or L-plate can be 
contoured and adapted without im- 
pinging on the proximal radioulnar 
joint. Prosthetic replacement of the 
radial head represents a realistic option 
for badly comminuted fractures. 

e Radial neck fractures: These fractures 
are uncommon in adults. Once the 
head is realigned, the resulting defect is 
filled with bone graft and supporting 
screws or a mini plate are placed to 
avoid displacement. 


Following fixation of the radial head the annular 
ligament is repaired and stability of the elbow 
is checked through a full range of motion. In 
those cases associated with an elbow dislocation, 
repair of the lateral collateral ligament complex 
should follow. If instability persists, the medial 
complex should be explored and repaired. 


3.4 Postoperative treatment 


As described with olecranon fractures, a well- 
padded splint is placed with the elbow in exten- 
sion to avoid edema. The day after surgery, 
active exercise is started by elevating the arm 
in a supine position and flexing the elbow by 
gravity. An active exercise program is then 
started. A posterior removable splint is worn for 
3—4 weeks. 


Wedge, impacted, multifrag- 
mentary, and neck fractures 
need operative reconstruction. 
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3.5 Pitfalls and 
complications 


If intraoperative reconstruction of the head 
becomes impossible, replacement with a pros- 
thesis is an option to restore stability and avoid 
secondary valgus and migration (Fig. 4.3.1-11d). 
A recent report of 73 patients has shown a 
13% rate of non-union and implant failure 
after open reduction and internal fixation of 
complex, multifragmented fractures. In these 
cases the reconstructed head functioned well as 
a spacer and late resection led to good results 
without compromising the function [21]. 


3.6 Results 


Recent literature has shown excellent and good 
functional results of surgical reconstruction 
even in complex or multifragmented fractures. 
Some loss of full extension may be expected but 
without compromising the overall function [15— 
19, 21]. 

Implant removal has only been necessary if 
palpable screw heads cause pain or discomfort 
to the patient; it is seldom indicated. 


4 Complex elbow injuries 


4.1 Anterior or transolecranon 
fracture dislocation 


This complex injury occurs when a high-energy 
direct blow is applied to the dorsal aspect of the 
forearm with the elbow in 90° flexion. It must 
be distinguished from anterior Monteggia le- 
sions because both radius and ulna dislocate 


anteriorly leaving the proximal radioulnar joint 
intact. The proximal ulna is often multifrag- 
mented with a large coronoid fragment. Asso- 
ciated radial head fractures are uncommon. A 
posterior approach is performed and an indirect 
reduction of the ulna is accomplished as descri- 
bed for complex olecranon fractures. Fixation 
of the coronoid process with a screw will en- 
hance stability. A dorsally placed pre-contoured 
LC-DCP 3.5 or alternatively a one-third tubular 
hook plate augmented with a tension band 
cerclage wire are the methods of fixation of 
choice [9, 12]. 


4.2 Posterior Monteggia 
fracture dislocation 


(Fig. 4.3.1-12) 


The mechanism of injury is similar to the poste- 
rior dislocation, but in this case a failure occurs 
through the proximal ulna resulting in a multi- 
fragmented fracture with a triangular or quad- 
rangular fragment that can involve the cor- 
onoid process or be located more distally. Usu- 
ally the radial head is fractured and dislocated 
postero-laterally [4]. 

Reconstruction of the proximal ulna with a 
posterior plate, as described above, will reduce 
the dislocation of the proximal radioulnar joint. 
Direct fixation of the coronoid process with a 
lag screw is achieved through the posterior 
approach. Occasionally, as distraction is applied, 
the fragment will reduce and become aligned to 
the montage. Reconstitution of the anterior 
ulnar cortex is essential to allow the plate to 
function as a tension band. Fixation of the head 
and reattachment of the lateral ligamentous 
complex will provide adequate stability to the 
lateral column. 


Clinical example of a 
reconstruction of a complex 
radial head fracture 21-B3. 

a) Complex elbow fracture 
dislocation in a young woman 
(dominant arm) with multi- 
fragment fracture of the 
olecranon and split radial head. 
No neurovascular deficit. 


b) After emergency reconstruc- 
tion of both olecranon (7-hole 
DCP 3.5) and radial head 

(two small fragment screws plus 
K-wire), the patient is encou- 
raged to move the elbow and 
forearm immediately as pain 
allows. 


c) 28 weeks postoperatively the 
fractures are well consolidated, 
the elbow joint stable with 
excellent function. Implant 
removal after one year. 


d) 14 years follow-up of the 
same still asymptomatic elbow 
with minimal signs of arthrosis 
and only slight limitation of 
function. 
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4.3 Bipolar fracture 
dislocation 


This complex injury involves a fracture dis- 
location of the elbow associated with a distal 
fracture dislocation of the radius or disruption 
of the distal radioulnar joint. A segmental or 
“floating” radial diaphysis is present and this, 
associated with the disruption of both proximal 
and distal radioulnar joints, can lead to severe 
disability. The same fixation tactics recom- 
mended for Monteggia and Galeazzi lesions are 
applicable in the bipolar fracture dislocation 
[22]. 
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6 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/431.htm 
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Dominik Heim 


1 Assessment of fractures 


In the AO documentation (1980-1996) 10-14% 
of all fractures recorded occurred in the fore- 
arm. Because the relationships of the radius 
and ulna are so important for the range of 
wrist and elbow movement, treatment in 
adults is generally surgical. 


1.1 Goals of treatment 


¢ Restoration of length, axial alignment, 
and rotation so as to guarantee full 
pronation and supination. 

e Fixation sufficient to allow free post- 
operative movement of adjacent joints. 


Forearm shaft fractures 


1.2 General considerations 


Indications for surgery: 


e Combined fracture of radius and ulna. 

e Displaced, isolated fracture of either 
bone (rotational deformity). A simple, 
non-displaced shaft fracture may, as an 
exception, be treated by non-operative 
means. 

¢ Monteggia and Galeazzi fractures. 

e All open fractures. 


Imaging: Conventional x-rays of the forearm in 
two planes are usually sufficient. They must 
include the elbow and wrist in order to exclude 
associated articular fractures or specific fracture 
types, such as Monteggia or Galeazzi fractures. 
Further imaging by CT scan or by MRI is 
seldom required. 

Timing of surgery: As with most diaphyseal 
fractures of the human skeleton, forearm frac- 
tures are best operated on within 6-8 hours of 
the accident, including open fractures. Delayed 
fixation seems to increase the risk of radioulnar 
synostosis [1-2]. 


iy 
i / y | | | 
| ] g | \\ \ 
Wh es ih 
22-A3.2 22-B2.2 22-C2.2 


Fig. 4.3.2-1: AO Müller Classification 


Treatment of forearm shaft 
fractures is mainly surgical. 


CT scans or MRI are seldom 
required. 
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Both bone fractures are best 
approached through separate 
incisions. 


2 Surgical anatomy 


The anatomy of the forearm is quite complex 
and preoperative planning is advised. Drawings 
are made using the techniques already described 
in chapter 2.4. 


3 Preoperative planning 


3.1 Positioning and 
approaches 


The patient is usually placed supine with the 
affected limb supported on an arm rest. The use 
of a tourniquet is practical but should not be a 
routine without careful consideration of each 
individual case; it should be placed as high as 
possible on the arm in case the incision needs 
to be extended proximally. 

If bone grafting is anticipated, one iliac crest 
is prepared. If during the operation only a small 
amount is needed, the radial condyle of the 
humerus is another possiblity. 


Approaches 


Several approaches may be used to fix shaft 
fractures of the forearm: 

l1 Entire shaft of the ulna: a single straight 
incision with the plate on the dorso- 
lateral aspect of the ulna. 

2 Distal and middle shaft of the radius: a 
lateral approach with the plate on the 
dorsolateral aspect of the radius, or a 
palmar Henry incision. 


3 Proximal shaft of the radius: the palmar 
approach according to Henry [3] with 
the plate on the ventral aspect of the 
radius. 

4 Radius and ulna: a separate incision for 
each bone, preserving a broad skin 
bridge between the two incisions. 
Attempting to fix both bones 
through a single approach increases 
the risk of nerve injury and radio- 
ulnar synostosis [1, 4]. 


Approach to the ulna 


Landmarks: Olecranon, styloid process of ulna 
(Fig. 4.3.2-2a). 

The skin incision runs parallel to the ulnar 
crest (Fig. 4.3.2-2b). Access to the shaft is gained 
between the extensor carpi ulnaris and the 
flexor carpi ulnaris muscles. For dorsal plate 
positioning, the extensor is detached from the 
bone. In the very distal part of the incision, care 
is needed not to damage the dorsal branch of 
the ulnar nerve. 


Dorsolateral approach to the radius 


Landmarks: Lateral epicondyle of the humerus, 
styloid process of radius (Fig. 4.3.2-3a). 

The skin is incised between the two land- 
marks. Access to the radial shaft runs in the 
septum between the extensor carpi radialis 
brevis and the extensor digitorum muscles. 

These two muscle groups are split along 
the septum, commencing just proximal to the 
muscle belly of the abductor pollicis longus, 
which is easily recognized in the distal part of 
the incision. It might be necessary to mobilize 
this muscle in order to slip the plate underneath 
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Fig. 4.3.2-2: Approach to ulna. 

a) Landmarks : Olecranon (1), ulnar crest 
(2). Incision: straight along ulnar crest. 

b) Deep preparation by elevation of either 
palmar (3) or dorsal (4) muscle group, 
depending on fracture pattern and 
planned position of plate. 


Fig. 4.3.2-3: Dorsolateral approach to radial 
diaphysis. 

a) Landmarks: Lateral condyle of humerus (1), 
styloid process of radius (2). 

Henry's “mobile wad of three”: Incision 
(see text on diagram). 


b) Deep dissection: Access through the intermuscular septum 
between the m. extensor carpi radialis brevis (3) and m. extensor 
digitorum communis (4). In its proximal one-third, the radius is 
covered by the supinator muscle, which itself covers the deep (motor) 
b) branch of the radial nerve (5). Its position must be identified in order 
3 to prevent any injury. Superficial branch of the radial nerve (6). 
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Henry approach: Enhance the 
view by rotating forearm. 


in more distal shaft fractures of the radius 
(Fig. 4.3.2-3b, Video AO22022). The superficial 
branch of the radial nerve, which appears in the 
distal part of the incision along the brachio- 
radialis muscle crossing the abductor pollicis 
longus in the subcutaneous layer, is vulnerable 
here. 

During proximal exposure of the radial shaft, 
there could be damage to the deep branch of the 
radial nerve (posterior interosseous nerve), 
which runs through the supinator muscle at 
right angles to its fibers. The nerve can be felt 
as a bulge within the muscle about 3 finger- 
breadths distal to the radial head. After identifi- 
cation of the nerve (possibly by splitting the 
muscle fibers), the supinator muscle with the 
nerve can be carefully detached close to the 
radius. 


ge" Video A022022 


Palmar approach (Henry) [3] 


The arm is placed on an arm rest with the 
elbow fully extended and in full supination. 

Landmarks: Groove between brachioradialis 
muscle and distal biceps tendon. Styloid process 
of radius (Fig. 4.3.2-4a). 

A straight skin incision is made on the palmar 
aspect of the arm, with a curve over the elbow 
joint. Incision of the subcutaneous fascia be- 
tween the brachioradialis and flexor carpi 
radialis muscles. The anterior cutaneous nerve 
of the forearm and the superficial radial nerve 
run along the brachioradialis muscle. For deep 
dissection, the arterial branches of the radial 
artery supplying the brachioradialis muscle are 
carefully ligated (Fig. 4.3.2-4b). This muscle is 
retracted to the radial side and the radial artery 
and its accompanying veins to the ulnar side. 
The pronator teres muscle is preserved. After 
identification of the posterior interosseous 
nerve at its entrance into the supinator muscle 
(arcade of Frohse), this muscle together with 
the nerve on the radial side is detached in full 
supination and as close to the radius as possible. 
At any point during this approach, the view 
may be enhanced by varying the rotation of 
the forearm. 
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3.2 Reduction (tools and 
techniques) [5] 


In general, open reduction is advised to guaran- 
tee an anatomically correct rotation. Periosteal 
stripping should be limited to a minimum 
(around 1 mm on each main fragment) and 
circumferential stripping is strictly to be avoided. 
Larger loose fragments stripped of their peri- 
osteum should be fixed to one main fragment 
by a lag screw, inserted either through the plate 
or separately (Fig. 4.3.2-5). After reduction and 
fixation of the main fragments, smaller devita- 
lized fragments may be replaced by a cancellous 
bone graft. 

A simple transverse fracture may be re- 
aligned by pulling on each main fragment with 
the aid of two small reduction forceps. The two 
fragments must interdigitate correctly to restore 
full rotation. 


Fig. 4.3.2-4: Palmar approach to the radius 
(Henry). 

a) Landmarks: Styloid process of radius (1), groove 
between m. brachioradialis and insertion of biceps 
tendon (2). Incision: Essentially straight, with an S- 
shaped curve over the elbow joint. 


b) Deep dissection: Splitting of interval between m. 


brachioradialis and m. flexor carpi radialis—watch 
for the superficial (sensory) branch (3) of the radial 
nerve, as well as for the lateral cutaneous nerve of 
the forearm. Proximally, the arterial arch of the 
radial artery (4) must be ligated. The insertion of 
the supinator muscle (6) (watch for the deep 
branch of the radial nerve [5]) can be separated to 
expose the bone at this level, as can the insertion 
of the pronator more distally. To get better 
exposure, it may be helpful either to pronate or 
supinate the forearm. 


Minimize periosteal stripping 
during exposure and reduction. 


345 


346 


Implant of choice for the fore- 
arm bone: DCP or LC-DCP 3.5. 


To neutralize torsional forces 
use 7-hole or 8-hole plates. 


Fig. 4.3.2-5: Simple both-bone fractures (22-B3). 
Stabilization with two LC-DCP 3.5 with interfragmentary 
compression. (Lag screw through the plate for the radius 
and separate 2.7 mm lag screw for the ulna.) 


a Video A020099 


Reduction can also be performed by fixing 
the plate on one main fragment and placing a 
screw in the other near the end of the plate. A 
spreader is then introduced between the plate 
and the screw and squeezed to distract the frac- 
ture site (Video A020099)—push-pull technique 
(see chapter 3.3.3). 

In comminuted fractures (type C), pre- 
liminary distraction of the fracture by means of 
a unilateral external fixator may be useful. 
Fragments can then be approximately realigned 
with a dental pick. 


3.3 Choice of implant 


Up to this point in time, the defined goals of 
treatment (see section 1.1) have been achieved 
solely by open reduction and plate fixation. 
Many years of clinical experience have proved 
the plate 3.5 to be the ideal size for the 
forearm bones. Available devices include the 
DCP (dynamic compression plate) or the more 
biologically shaped LC-DCP (limited contact- 
dynamic compression plate). Pursuing the 
concept of limited contact between plate and 
bone further has led to the development of the 
PC-Fix (point contact fixator) (see chapter 3.4). 
One of the purposes of the plate is neu- 
tralization of torsional forces and, since the 
radius describes an important excursion around 
the ulna during rotation, the plate must be 
long enough to achieve this. Thus, there 
should be at least six cortices “holding”, corre- 
sponding to three screws, in each main frag- 
ment. In simple fractures this usually means a 
7-hole or 8-hole plate depending on the use of 
an additional plate-dependent lag screw. 
Whenever possible an interfragmentary lag 
screw—whether independently or through a 
plate hole—should be introduced [6]. In the 
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latter situation it may be expedient to use a 
screw of smaller diameter than 3.5 mm, for 
example, 2.7 mm. 

The role of intramedullary locked nails is 
still to be defined while questions persist about 
their ability to control rotation. 


4 Surgical treatment 


If both bones have been fractured (Fig. 4.3.2-6a), 
reduction is first performed on the bone 
with the simpler fracture pattern. The plate 
is provisionally fixed with one or two screws or 
a reduction forceps. The other bone is exposed 
in turn and its fracture reduced. If reduction 


proves to be impossible, the plate on the first 
bone is removed or loosened and the second 
bone is then reduced. After fixing it, the surgeon 
goes back to the first plate to complete the 
osteosynthesis. Forearm rotation should be 
regularly checked throughout the pro- 
cedure (Fig. 4.3.2-6b). 

If a simple transverse or short oblique frac- 
ture cannot be held reduced with a reduction 
forceps—and this is the case more often than 
not—the plate must be fixed on one main frag- 
ment (usually the proximal). Reduction is then 
carried out by bringing the other main frag- 
ment to the plate. In this case it is mandatory 
to fix the plate in such a way as to avoid torsion 
or uneven compression at the fracture site. 


b) 


Fig. 4.3.2-6: Complex both-bone fractures (22-C3). Stabilization with two long LC-DCPs 3.5, with separate 2.0 mm lag 
screw for the radial head. (Drawing from an actual case that healed uneventfully with a good functional outcome.) 


Prior to definitive fixation 
check forearm rotation 
regularly during surgery. 


In both-bone fractures reduce 
the simpler fracture first. 
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Plan the plate position to 
allow correct placement of a 
lag screw through a plate hole. 


Leaving skin open is rarely 
necessary. 


In simple fractures, interfragmentary com- 
pression by a lag screw is a great advantage for 
stability of the fixation. If the intention is to 
insert the lag screw through a central 
plate hole, the plate has to be positioned 
accordingly. 

It may be appropriate to prebend the plate 
(Video A000090a) on simple forearm fractures; 
otherwise a fracture gap may develop on the 


go Video A000090b 


contralateral side and cause an uneven dis- 
tribution of compression (see chapter 3.2.2). 
The required axial compression is achieved by 
eccentric drilling in the plate hole on one or 
both of the main fragments (Video AQ00090b). 
Usually a certain amount of axial compression 
is applied before inserting the plate-dependent 
lag screw. In this way the surgeon can ”play” 
with the interaction of interfragmentary and 
axial compression while tightening the plate 
screws. 

Having completed the internal fixation, 
forearm rotation is once again assessed. Re- 
duction and implant placement are verified 
under image intensification. 

Wound closure: The fascia is usually not 
sutured. Wounds are closed over a suction 
drain. It is rarely necessary to leave the skin 
open but this may be done if there is consid- 
erable swelling. 


Bone graft 


In the past, the need for bone grafting on the 
forearm may have been overestimated. With 
very limited exposure of the fracture site and 
the care taken to avoid devitalizing third frag- 
ments, bone grafting has become less essential 
in many instances. During the postoperative 
course small fragments are often integrated into 
the healing fracture by callus formation. 

If a bone graft is necessary, for example, in 
type C fractures, it should be placed away from 
the interosseous border. 
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5 Postoperative treatment 


Following stable fixation, postoperative treat- 
ment is functional. A palmar splint or sugar tong 
splint may be used in unreliable patients. Im- 
mobilization in a circular cast may compromise 
the range of motion later. The operated arm is 
elevated. After 24-48 hours the suction drains 
can be removed. Active mobilization of fingers, 
wrist, and elbow including supervised forearm 
rotation are started on the first postoperative 
day. X-rays are taken at 6 and I2 weeks post- 
operatively and after I year. “Weight bearing” 
is usually allowed (in accordance with radio- 
graphic assessment after 6 weeks), for example, 
approximately 8 weeks after surgery. 

Removal of the implants is not manda- 
tory and is rarely indicated in an asympto- 
matic patient because of the risk of compli- 
cations, including neurovascular injury and 
refracture [7]. If indicated it should not be 
performed for at least 2 years after internal 
fixation and then only after careful conside- 
ration by an experienced surgeon. Sometimes 
only one plate may need removal, (usually the 
ulnar one, because of the less abundant soft- 
tissue coverage). If both the radial and ulnar 
plates are to be removed, two-stage removal 
may be considered. 


6 Pitfalls and complications 


6.1 Open fractures 


Grade I open fractures are treated according to 
the principles of closed fractures (see chapter 5.1). 

Even higher grade open fractures of the fore- 
arm can be treated by immediate internal fixa- 


tion with results comparable to closed fractures 
[8—10] if meticulous débridement is carried out 
and soft-tissue coverage can be guaranteed. 
Open treatment of the wound, possibly with 
dressings soaked in antiseptic lotion, and accom- 
panied by primary closure only of the iatrogenic 
extension of the wound may be safe. In these 
cases delayed wound closure is performed after 
a few days. 

Techniques other than plating should be 
considered when covering of the plate cannot 
be achieved, because of soft-tissue loss [11]. 
Temporary external fixation is then recom- 
mended, possibly in combination with imme- 
diate internal fixation of the other bone in 
combined fractures. 

Technique: Since both radius and ulna are of 
smaller diameter than other long bones, special 
Schanz screws for the tubular external fixator 
were designed with a thread diameter of 3.0 mm 
and a shaft diameter of 4.0 mm to fit into the 
normal adjustable clamp. To avoid nerve and 
vessel damage open pin insertion is recom- 
mended. The pin hole on the far cortex is 
drilled with a 2.5 mm drill bit and the near 
cortex is over-drilled with a 3.5 mm drill bit. 
The pins are then connected by either a single 
tube/carbon rod or by three tubes using tube- 
to-tube clamps to form a modular unilateral 
frame (see chapter 3.3.3). 

As fracture consolidation with the external 
fixator alone often cannot be achieved [12] and 
pseudarthrosis and malrotation are consider- 
able when using external fixation [13], sequen- 
tial procedures with early secondary plate 
fixation are indicated, usually combined with 
cancellous bone grafting. If the conversion 
procedure can be performed within 3 weeks 
after initial treatment, an implant-free interval 
is not necessary. In large soft-tissue defects 
microvascular flaps might prove useful. 


Routine implant removal is not 
recommended. 
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Use an intraoperative x-ray to 
check that the ulna is back in 
place. 


In recent Monteggia fractures 
the radial head usually reduces 
spontaneously. 


6.2 Fracture dislocations of 
the forearm 


The problem with these fractures is that they 
are often not recognized if the wrist and elbow 
are not included and inspected on the x-ray. 


6.2.1 Monteggia fracture 

A Monteggia fracture is a shaft fracture of the ulna, 
usually proximal, with an anterior or lateral 
dislocation of the radial head (Fig. 4.3.2-7). 
Delayed fixation compromises the functional 
outcome and immediate fixation is strongly 
recommended. 

If the ulna is correctly reduced and fixed, the 
radial head reduces spontaneously in most 
cases. Pronation and supination are assessed 
clinically. If a tendency towards dislocation 
persists and if dorsal dislocation of the radial 
head is diagnosed, surgical inspection is in- 
dicated. This can be performed either by a 
separate lateral incision for the radial head or 
by extension of the original surgical approach 
and detachment of the anconeus and supinator 
muscles at their ulnar insertions. Interposed 
cartilage should be removed and the annular 
ligament sutured. 

Postoperative treatment with a removable 
splint in supination for 3 weeks is then recom- 
mended to allow controlled mobilization of the 
elbow. 


6.2.2 Galeazzi fracture 


A Galeazzi fracture is a fracture of the radial shaft 

with dislocation of the distal radioulnar joint. 
Correct reduction and fixation of the radial 

fracture is usually accompanied by sponta- 


neous reduction of the ulna (Fig. 4.3.2-8). 
This must be carefully checked on an intra- 
operative x-ray. Thereafter, the wrist, fore- 
arm, and elbow may be splinted for 3 weeks to 
prevent rotation from the neutral position [14]. 
Other authors have disputed this procedure 
[15]. 

Exploration of the wrist by a dorsal approach 
is only recommended if stability after osteo- 
synthesis is not guaranteed or if the reduction 
is unsatisfactory [15] and when these deficiencies 
cannot be put right at the time. Temporary 


22-A1.3 


Fig. 4.3.2-7: Isolated proximal ulnar fracture with 
dislocation of radial head (22-A1.3); Monteggia fracture. 
When the ulna is stabilized in correct rotation and length, 
the radial head displacement is usually reduced 
automatically. 

Fixation of ulna by 8-hole LC-DCP 3.5 with axial 
compression. Repair of the annular ligament is optional. 
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transfixation of the ulna to the radius in supi- 
nation by means of a K-wire for 3 weeks is 
another possible method [14]. In these cases, 
additional splinting of the forearm including 
elbow and wrist is mandatory. Otherwise, the 
K-wire will break during the 3 weeks before it 
is removed. 


6.3 Synostosis and callus 


Osteosynthesis of a forearm fracture is a de- 
manding procedure. Several problems may 
result. 


22-A2.3 


Fig. 4.3.2-8: Isolated simple fracture of the distal third of 
the radius with dislocation of the distal radioulnar joint 
(22-A2.3), Galeazzi fracture. Anatomical stabilization of 
the radius using a LC-DCP 3.5 or DCP 3.5 will normally 
reduce the dislocation of the distal radioulnar joint which, 
usually, does not need any further treatment. 


Posttraumatic radioulnar synostosis 
(cross-union) is an uncommon but very 
troublesome condition. Its incidence as reported 
in the literature ranges from 2.6% [4] to 6.6% 
[2]. 


Possible risk factors are: 


1) Fractures of the radius and ulna at the 
same level [1], injury of the inter- 
osseous membrane [16], marked soft- 
tissue damage and comminution [17]. 

2) Delayed fixation of the fracture [2], a 
combined single approach for fixation 
of both bones [4], cancellous bone 
grafting [2], postoperative cast immo- 
bilization [2]. 

3) Concomitant head injury leading to 
increased propensity towards hetero- 
topic bone formation [16, 17]. 


Several methods of treatment of synostosis 
have been proposed. These include resection of 
the distal part of the ulna—the Darrach pro- 
cedure—excision and interposition of either 
foreign (Silastic®) or autogenous material [18], 
and excision combined with low dose irradiation 
[19]. 

Callus formation is usually not an issue after 
early fixation, but its postoperative incidence 
has been reported at up to 39% [20]. Callus 
formation usually peaks between the third and 
fourth postoperative months and often after 1 
year has become partially resorbed. Technical 
imperfections and mechanical stress during 
functional treatment are frequently responsible. 
In this respect the importance of adequate 
compression of the fracture and of plates long 
enough to overcome torsional forces cannot be 
emphasized enough. External splints do not 
seem to influence callus formation [20]. 


Posttraumatic radioulnar 
synostosis is troublesome, but 
uncommon, if fractures are 
stabilized within a few days 
after trauma. 
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34-year-old male. 

a) Complex both-bone 
forearm fracture with soft- 
tissue crushing (22-B3). 


b) Postoperative x-rays: 
Internal fixation of ulna 
with LC-DCP 3.5, of radius 
with 8-hole PC-Fix 
(unicortical screw). 
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6.4 Non-union/ 
pseudarthrosis 


The rates of non-union reported in the litera- 
ture range from 3.7% [2] to 10.3%. Again, 
technical errors are most often responsible [20]. 
The benefits of more aggressive cancellous bone 
grafting have been discussed [20]. Once again, 
adequate plate length has to be emphasized. 
Bone grafting with or without repeat fixation 
usually leads to healing of the fracture [21]. 


6.5 Refracture after implant 
removal 


Implant removal on the forearm is a recurrent 
topic because of the risk of refracture. The 
incidence rate reported is between 3.5% [22] 
and 25% and there is evidence that the use of 


c) One-year result with 
functional restitution. 


the plate 3.5 has considerably decreased the 
rate of refracture [8]. 

Comminuted fractures, open fractures, bone 
defects, and technical failure (excessive stripping, 
inadequate compression) are considered to 
predispose to refracture. A further factor is the 
degree of initial displacement. It also seems 
evident that early plate removal, for example, 
within 12 months of internal fixation, increases 
the risk of refracture [22]. 

Implant removal on the forearm remains 
controversial. Before removal is carried out, 
close inspection of the x-rays for evidence of 
residual radiolucency at the fracture site is 
advocated, especially at the radius. Any signs of 
radiolucency are a clear contraindication to 
plate removal. 
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The general guidelines might be that im- 8. 
plant removal on the forearm is to be per- 
formed only in symptomatic patients, after an 
interval of 2 years from internal fixation. The radius and ulna. J Bone Joint Surg [Am]; 
decision should be made by an experienced 71 (2):159-169. 
surgeon, who also performs the procedure. 9. Duncan R, Geissler W, Freeland AE, 


Chapman MW, Gordon JE, Zissimos AG 
(1989) Compression-plate fixation of 
acute fractures of the diaphyses of the 


1. 
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Diego L. Fernandez 


1 Fractures of the distal 
radius 


1.1 Assessment of fractures 
and soft tissues 


Fractures of the distal radius form a spectrum 
ranging from simple fractures requiring little 
management to complex multifragmented frac- 
ture dislocations of daunting complexity. 

Minimally displaced intra-articular and 
extra-articular fractures as well as impacted 
stable fractures with minimal shortening 
can be managed adequately by closed 
reduction and cast or splint immobilization. 
However, more often than not, distal radius 
fractures will involve the radiocarpal joint and/ 
or the distal radioulnar joint. They can be either 
partial articular (type B) or complete articular 
(type C). These require an anatomical reduction 
of the joint surface in order to reduce the inci- 
dence of posttraumatic arthrosis and to guaran- 
tee a successful functional outcome [1, 2]. 

Thus, intra-articular fractures that cannot 
be reduced with closed methods will more 
often require operative treatment. 

A patient with an acute distal radius fracture 
should be evaluated for age, hand dominance, 
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occupation, level of activity, and general medi- 
cal condition. Fracture evaluation should deter- 
mine whether it is open or closed and whether 
neurovascular compromise is present, as well as 
the degree of displacement of the fragments, 
and whether the fracture is intra-articular or 
extra-articular. Assessment, both of the mechanism 
of injury, which should include a grading from 
low-energy to high-energy trauma, and of the 
quality of bone (presence or absence of osteo- 
porosis) is imperative. The associated ligamentous 
lesions, subluxations, or fractures of the neigh- 
boring carpal bones, and the concomitant soft- 
tissue damage, are all directly related to the 
quality and degree of violence sustained [3]. 
Furthermore, the mechanism of injury will 
dictate the reduction maneuvers which should 
be designed to reverse the force which caused 
the injury. 

AP and lateral x-rays of the wrist usually suf- 
fice for the evaluation of extra-articular fractures 
and the assessment of shortening, direction of 
displacement and amount of metaphyseal com- 
minution. Oblique films (45° pronated and 
supinated), in addition to the AP and lateral x- 
rays, permit a better view of the scaphoid and 
lunate facets respectively and allow better eva- 
luation of intra-articular fractures. Finally, trac- 


Minimally displaced intra- 
articular and extra-articular 
fractures and impacted stable 
fractures with minimal 
shortening can be managed 
by closed reduction. 


Fractures that cannot be 
reduced with closed methods 
will more often require 
operative treatment. 
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Initial satisfactory closed 
reduction cannot always be 
maintained by splint. 


23-B1.1 23-C3.3 


Fig. 4.3.3-1: AO Miller Classification 


tion views or fluoroscopy following initial re- 
duction with finger trap traction provide a bet- 
ter appreciation of intra-articular comminution. 
Trispiral tomograms can be helpful to show 
intra-articular displacement and are very useful 
for complex intra-articular fractures (type C). 
Computed tomography, especially coronal cuts, 
is useful to show lunate facet injuries including 
the involvement of the distal radioulnar joint 
(sigmoid notch), as well as associated distal 
radioulnar joint subluxation. Magnetic resonance 
imaging is reserved for late investigation of 
associated interacarpal ligament injuries and 
triangular fibrocartilage tears; it is seldom used 
in the acute stage. 

The following radiological signs should 
alert the surgeon that an initial satisfactory 
closed reduction would not be maintained 
by a splint or cast [4, 5] (so-called unstable 
fractures): 

e dorsal comminution exceeding more 
that 50% of the dorsal to palmar 
distance, 

¢ palmar metaphyseal comminution, 

e initial dorsal tilt more than 20°, 

e initial displacement (fragment trans- 
lation) more than 1 cm, 

ə initial shortening greater than 5 mm, 

ə intra-articular disruption, 

e associated ulnar fracture, 

* massive osteoporosis. 

A treatment algorithm (Table 4.3.3-1) is based 
on types and groups of the comprehensive classi- 
fication of fractures of long bones (Fig. 4.3.3-1). 
In distal radius fractures, assessment of asso- 
ciated soft-tissue lesions is just as important as 
assessing the fracture itself because these lesions 
affect initial management of the injury. Table 
4.3.3-2 shows a prognostic classification (which 
correlates with the “qualifications” proposed in 
the AO Müller Classification) of the associated 


distal radioulnar joint injuries, together with 
the recommendation for management. The 
classification parameters are based primarily on 
distal radioulnar joint stability and/or incon- 
gruity [6, 7]. Intercarpal ligament tears asso- 
ciated with distal radius fractures should also be 
carefully assessed since these co-exist with both 
intra-articular and extra-articular fracture types. 
Disruption of the extrinsic palmar ligaments 
inevitably accompanies radiocarpal fracture 
dislocations. Scapholunate ligament disruption is 
associated with displaced radius styloid fractures 
entering the ridge between the scaphoid and 
the lunate. Scapholunate tears occur in 30% of 
distal radial fractures and lunatotriquetral tears 
in 15% [8]. 

Patients with a severely displaced distal radius 
fracture may present initially with some symp- 
toms of median nerve compression. If initial 
closed reduction is satisfactory they should be 
observed for 48 hours. If symptoms persist, 
carpal tunnel decompression should be perfor- 
med and stabilization obtained with the least 
invasive method appropriate to the fracture. 


I) Surgical anatomy 


The distal radius is superficial and readily surgi- 
cally accessible from a dorsal, palmar, or com- 
bined approach. Palpable superficial landmarks 
are: the radial styloid process, Lister's tubercle, 
and the distal ulna. Superficial nerves include 
the superficial branch of the radial nerve and 
the dorsal cutaneous branch of the ulnar nerve. 
On the palmar aspect, the palmar cutaneous 
branch of the median nerve can be at risk when 
extending radial-side incisions into the palm. 
The articular end of the radius slopes in 
an ulnar and palmar direction and has three 
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concave articular surfaces: the sigmoid notch, 
the scaphoid fossa, and the lunate fossa. These 
articulate respectively with the ulnar head, the 
scaphoid, and the lunate. The palmar surface of 
the distal end of the radius is flat, with a gentle 
anterior curve. The dorsal aspect is, however, 
convex, and Lister's tubercle serves as a fulcrum 


Table 4.3.3-1: Treatment algorithm 


Fracture of the 
distal radius 


for the extensor pollicis longus tendon (Fig. 
4.3.3-2). The anatomical relationships of the 
extensor retinaculum, six extensor compart- 
ments, and the dorsal radial cortex are of 
extreme importance for the surgical approaches 
(Fig. 4.3.3-3a), as well as for the placement of 
plates on the dorsum of the radius. 


l non-displaced l displaced 
| reducible l irreducible/unstable 
Extra-articular Intra-articular Extra-articular Intra-articular 
(A2) (B1, C1) (A3) 
Closed Partial Complete 
EROA (B1, B2, B3) (C2, C3) 
stable 
unstable 
secondary displacement 
| Plaster splint Percutaneous External fixation Open reduction External fixation 
or cast pinning Œ bone graft) Internal fixation Limited open 
(intrafocal or A. or (screws, buttress reduction 
extrafocal) - = tuai plates, K-wires, 
o Plate fixation tension band wiring) Bone graft 
(no osteoporosis) K-wires 
percutaneous 
. or 
reduction 


(under fluoroscopic 
and/or arthroscopic 
control) 


secondary 


| Follow-up displacement 


Functional 
aftertreatment 


Plate fixation and 
bone graft 


(no osteoporosis) 
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Table 4,3.3-2: 


Pathoanatomy of the lesion 


Type I 
stable 


(following 
reduction of the 
radius the distal 
radioulnar joint 
is congruous 
and stable) 


A Fracture B Stable fracture 
Tip ulnar styloid Ulnar neck 


Type II 
unstable 
(subluxation or 


dislocation of 
the ulnar head 


present} Sams 
A Tear of triangular B Avulsion fracture 

fibrocartilage complex Base of the ulnar styloid 
and/or palmar and dorsal 
capsular ligaments 

Type III 

Potentially 

unstable 


(subluxation 
possible) 


A intra-articular fracture of B intra-articular fracture of 
the sigmoid notch the ulnar head 


In the frontal plane, the ulnar inclination 
averages 23°, with a physiological range of 
13-30°. In the sagittal plane, the palmar tilt or 
inclination averages 10-12° (range 4—22°). The 
ulnar variance or radioulnar index measures 
the length relationship between the ulna and 
radius. In approximately 61% of cases, the head 
of the ulna and the medial corner of the radius 
are at the same level bilaterally (neutral varian- 
ce). Ulnar plus variance (longer ulna) and ulnar 


Joint surface Prognosis Recommended treatment 
involvement 


A+B Functional aftertreatment 


Encourage early pronation- 
supination exercises 


Note Extra-articular unstable 
fractures of the ulna at the 


oe good metaphyseal level or distal 
shaft require stable fixation 
- chronic instability A Closed treatment 
Reduce subluxation, 
- painful limitation of sugar tong splint in 
supination if left 45° supination 
unreduced 4-6 weeks 


- possible late arthritic A+B Operative treatment 
changes Repair triangular 


none fibrocartilage complex or fix 
ulnar styloid with tension 
band wiring. 
immobilize wrist and elbow 
in supination (cast) or trans- 
fix ulna/radius with K-wire 
and forearm cast. 

- dorsal subluxation A Anatomical reduction of 
possible together with palmar and dorsal sigmoid 
dorsally displaced die notch fragments. If residual 
punch or dorsoulnar subluxation tendency present, 
fragment immobilize as in type II 

injury. 

-= risk of early 

present degenerative changes B Functional aftertreatment to 
and severe limitation enhance remodeling of ulnar 
of forearm rotation if head. 


left unreduced 
If distal radioulnar joint 
remains painful: 
Partial ulnar resection, 
Darrach or Sauvé-Kapandji 
procedure at a later date. 


minus variance (shorter ulna) may be physio- 
logical, so that comparative x-rays of the unin- 
jured wrist are usually necessary to determine 
normal length in each case. 

The palmar aspects of the radius and distal 
ulna are the sites of origin of the extrinsic re- 
straining ligaments supporting the carpus. Stout 
oblique radiocarpal and ulnocarpal ligaments 
maintain the normal kinematics of the radio- 
carpal joint. Weak and less important ligaments 
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| Fig. 4.3.3-2: Surgical anatomy of distal radius. 


| \ a) Dorsal approach: Skin incision. Os metacarpale II (1), os 
metacarpale I (2), os trapezium (3), os scaphoideum (4). 
b) Surgical anatomy of dorsum of the wrist: 5) Extensor 
pollicis longus (EPL), 6) extensor carpi radialis longus (ECRL), 
7) extensor carpi radialis brevis (ECRB), 8) extensor pollicis 

| brevis (EPB), 9) abductor pollicis longus (APL), 10) extensor 
digitorum communis (EDC), 11) extensor digitorum minimi 


a) : (EDQ), 12) extensor carpi ulnaris (ECU). 


make up the dorsal supporting structures ari- 
sing from the dorsal lip of the radius. 

At the ulnar aspect of the lunate facet the 
triangular fibrocartilage arises which extends 
onto the base of the ulnar styloid process to 
serve as an important stabilizer of the distal 
radioulnar joint. Its other secondary stabilizers 
are the interosseous membrane, the pronator 
quadratus, and the tendon and sheath of the 
extensor carpi ulnaris muscle. 


3 Preoperative planning 


The preoperative plan must be done in advance 
and is essentially an “exercise in geometry” 
designed to correct the deformity (fracture dis- 
placement), achieve exposure, and obtain fixa- 
tion. It consists of a free-hand tracing of the 
fracture pattern, followed by what it should 
look like when reduced (x-rays of the opposite 
side are helpful) with the appropriate implants 
in place. It should then list the instruments 
likely to be needed, special items and anything 
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else that might be helpful, such as intraopera- 
tive x-rays, image intensifier, mini C-arm, or 
arthroscopic equipment. Next, the three stages 
of surgical intervention, position, incision, and 
dissection or exposure are set out as appropriate 
for the fracture. 


4 Positioning and 
approaches 


4.1 General observations 


Approximately 35-40% of all distal radius frac- 
tures/injuries require operative treatment. The 
exposure, as a rule, should be extensile, atrau- 
matic, and executed with great care and respect 
for the soft tissues. The goal is to achieve an 
anatomical reduction and obtain stable fixation 
with minimal disruption of supporting liga- 
ments and with maintenance of the vascularity 
of the fragments. Surgery can usually be perfor- 
med under regional axillary block. If iliac bone 
graft is needed, further local anesthesia or brief 
general anesthesia can be performed while the 
graft is harvested and the wound closed. Gene- 
ral anesthesia is reserved for high-energy in- 
juries or combined injuries for which a longer 
operative time is anticipated. 


4.2 Surgical approaches to 
the distal radius 


4.2.1 Dorsal approaches 
(Fig. 4.3.3-3) 


These are generally indicated for extra-articular 
and intra-articular fractures with dorsal displace- 
ment and dorsal metaphyseal comminution as 
well as fractures of the radial styloid and fractures 
involving the dorsoulnar aspect of the lunate 
facet. Dorsal surgical approaches are usually 
performed through straight longitudinal inci- 
sions centered between various extensor com- 
partments [5, 9]. 

For radial/styloid fractures (B1.1 and B1.2) 
the approach is centered between the first and 
second extensor compartments (Fig. 4.3.3-3a). 
Great care should be taken to identify and pro- 
tect the multiple branches of the superficial 
radial nerve and to avoid undue tension during 
the procedure. The radial artery is also at risk 
as it courses around the styloid into the anato- 
mical snuffbox, especially if the incision is ex- 
tended distally. Articular reduction can be best 
assessed through a partial arthrotomy of the 
wrist between the second and third compart- 
ments and one can also see if the scapholunate 
ligament has been disrupted when the radial 
styloid fracture is severely displaced proximally. 

Internal fixation material (K-wires or can- 
nulated screws) is inserted through the tip of the 
radial styloid dorsal to the tendons of abductor 
pollicis longus and extensor pollicis brevis. 
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a) 


Fig. 4.3.3-3: Dorsal approach to the wrist: 
a) Between first and second extensor 
compartment for fracture of radial styloid. 


b) Through the third dorsal compartment (EPL). 


Exposure of the dorsal metaphysis and cen- 
tral articular fractures requires a longitudinal 
dorsoradial incision centered over the Lister's 
tubercle. The approach traverses the third dor- 
sal compartment (Fig. 4.3.3-3b) with radial 
transposition of the extensor pollicis longus 
tendon. The second and fourth compartments 
are then subperiosteally elevated from the dor- 
sal rim fragments. If plate fixation is planned, 
an ulnarly based flap of retinaculum is dissected 
just radial to the second compartment and ele- 
vated exposing the extensor pollicis longus and 
the radial half of the fourth compartment. Fol- 
lowing application of the plate, part of the im- 


plant comes to lie underneath the fourth com- 
partment and the rest under the third and se- 
cond compartments. During closure the retina- 
culum flap is used to cover the plate radially 
leaving the extensor pollicis longus in a sub- 
cutaneous position. 

Finally, for internal fixation of the ulnar 
styloid process, repair of the triangular fibro- 
cartilage, or reconstruction of fractures of the 
ulnar head, a dorsal ulnar incision between the 
fifth and sixth extensor compartments is used. 
The dorsal cutaneous branch of the ulnar nerve 
is at risk once the incision goes distal to the level 
of the ulnocarpal joint on the dorsum of the 
hand. 


4.2.2 Palmar approaches 
(Fig. 4.3.3-4) 


These are indicated for all palmar displaced 
fractures (A2.3) and for palmar marginal frac- 
tures of the B3 group. Palmar approaches are 
also indicated for radiocarpal fracture disloca- 
tion, for primary repair of the torn wrist cap- 
sule, and whenever primary median nerve de- 
compression or flexor compartment fasciotomy 
are needed. On the rare occasions where pal- 
mar and dorsal articular fragment displacement 
is present, a combined dorsal and palmar expo- 
sure may become necessary. 

Two classical palmar approaches to the distal 
radius exist for exposure, reduction, and palmar 
plate application. 

The first and most frequently used is the 
distal part of a classical Henry approach for 
palmar exposure of the whole radius. A longi- 
tudinal incision is made, slightly radial to the 
flexor carpi radialis tendon (FCR) (Fig. 4.3.3-4a). 
The space between the flexor carpi radialis 
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pronator quadratus 


Fig. 4.3.3-4: Palmar approach to the wrist: 
a) Palmar approach to distal radius (Henry). Note that the 
carpal tunnel cannot be easily reached! 


b) Wide exposure of distal radius after detaching the 
pronator laterally. 
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tendon and the radial artery is dissected expo- 
sing the pronator quadratus, which is detached 
from the lateral border of the radius and eleva- 
ted from the radial metaphysis towards the ulna 
(Fig. 4.3.3-4b). The tendon of the flexor pollicis 
longus (FPL) is visible more proximally in the 
wound and partial detachment of its radial 
attachment is necessary when applying longer 
plates to this part of the bone. This exposure is 
usually sufficient for the B3 group of fractures. 
If carpal tunnel decompression is necessary, it 


a) Surgical anatomy of palmar aspect. 
1) Palmaris longus m., 2) flexor carpi 

radialis (FCR), 3) median nerve, 

4) flexor digitorum profundus (FDP), 

5) ulnar artery, 6) ulnar nerve, 

7) flexor carpi ulnaris (FCU). 


is preferable to make a separate palmar incision 
rather than to extend the Henry approach di- 
stally to the palm, as this would place the pal- 
mar cutaneous branch of the median nerve in 
jeopardy. 

The second palmar exposure is one that is 
more extensile and is essentially a proximally 
extended carpal tunnel incision (Fig. 4.3.3-5). It 
is preferred when exposure to the ulnar palmar 
corner and distal radioulnar joint is required, 
such as for limited open reduction of four-part 


SN Fig. 4.3.3-5: Palmar approach to 
| the wrist which extends distally 

| across the crease and allows the 
| 
| 


carpal tunnel to be incised safely. 
Details see text. 


c) Cross-section at the level 


b) Skin incision. of proximal carpus. 
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Skeletal fixation must be 
adapted to the particular 
fracture pattern, soft tissue, 
and quality of bone. 


fractures with a severely displaced palmar ulnar 
fragment. It can also be extended obliquely 
from ulnar to radial in the distal forearm for the 
treatment of more complex injuries such as 
radiocarpal fracture dislocations, the combi- 
nation of distal radial fracture and perilunate 
injury, complex fractures with palmar displace- 
ment, and extensive metaphyseal and even 
diaphyseal comminution. For massive crush 
injury this incision can be extended to the el- 
bow crease for primary fasciotomy of the pal- 
mar compartments. 

The skin incision starts at the mid-palmar 
crease and zigzags across the wrist flexor crease 
on the ulnar aspect of the wrist. Proximally it 
can follow the radial border of the flexor carpi 
ulnaris and then cross in a more radial direction 
if proximal exposure of the radius is required. 
The median nerve can be decompressed at the 
carpal tunnel and the ulnar nerve at Guyon’s 
canal. The exposure is carried through the inter- 
val between the ulnar neurovascular bundle 
and the deep flexor tendons, which are re- 
tracted ulnarly and radially respectively. The 
pronator quadratus can then be detached from 
either its ulnar or its radial insertion depending 
on the particular fracture pattern. This exposure 
does, however, restrict access to the most radial 
aspect of the distal radius, including the radial 
styloid process. 

Finally, there is a third palmar approach 
intended for exposure of the distal ulna. An 
incision is made centered on the interval be- 
tween the flexor carpi and extensor carpi ulnaris 
tendons. The dorsal cutaneous branch of the 
ulnar nerve should be identified as it crosses 
dorsally at the level of the ulnar styloid. This 
incision provides adequate exposure for inter- 
nal fixation of the distal ulnar shaft, ulnar head, 
and ulnar styloid. 


5 Management and surgical 
treatment—tricks and 
hints 


5.1 General comments 


Recommendations for management and fixa- 
tion techniques will follow the Comprehensive 
Classification of Fractures. However, in selecting 
skeletal fixation methods, the choice must 
remain wide and flexible and should be 
adapted to the particular fracture pattern 
characteristics, the local soft-tissue con- 
ditions and the quality of bone. 


5.2 Type A—extra-articular 
fractures 


Group A1 (isolated extra-articular fractures of 
the distal ulna) fractures of the styloid process 
will require internal fixation when the lesion 
is associated with distal radioulnar joint instabi- 
lity (see Table 4.3.3-2). Isolated metaphyseal 
stable fractures may be treated either conser- 
vatively or with plate fixation; a DCP 3.5 or 2.7 
is the implant of choice. The condylar plate 2.7 
is an alternative implant when the fracture 
comminution starts just above the ulnar head. 

The A2 extra-articular impacted or stable 
types of Colles’ or Smith’s fractures usually re- 
spond very well to conservative treatment. Dorsal 
metaphyseal comminution will make the fracture 
unstable (A3). In this situation, conventional 
extrafocal percutaneous pinning, or intrafocal 
as suggested by Kapandji [10, 11], may be used 
when bone quality is good (Fig. 4.3.3-6a). With 
extensive metaphyseal comminution there is a 
high risk of shortening and instability, so that 
for this fracture scenario closed reduction and 
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o) 


Fig. 4.3.3-6: 

a) Percutaneously introduced 
K-wires keep an unstable fracture 
pattern reduced; usually an 
additional cast is required. 

b) Percutaneously introduced 
(cannulated) 4.0 mm cancellous 
bone screws to hold an unstable 
radial styloid fracture. 

c) Palmar T-plates (T-plate 3.5, right 
angled; T-plate 3.5, oblique angled). 
d) z-plate (distal radius plate 2.4/ 
2.7) is designed for dorsal 
application. 


d) 


external fixation will be the treatment of choice 
[12]. Extra-articular unstable or irreducible 
fractures with good bone quality are treated 
with either dorsal or palmar plating de- 
pending on the direction of the deformity 
(Fig. 4.3.3-6c). In these cases additional bone 
grafting must be considered. The advantage of 
plate fixation over external fixation is that early 
rehabilitation of the wrist is possible shortly 
after suture removal. 


5.3 Type B—partial articular 
fractures 


The basic feature common to all fractures in this 
group is that a portion of the metaphyseal and 
epiphyseal area of the distal radius remains 
intact and in continuity with the uninvolved 
part of the joint surface. The displaced articular 
fragment can therefore be exactly reduced and 
solidly fixed to the intact column of the distal 
radius and for this reason the ultimate pro- 
gnosis in these fractures is good. Furthermore, 
fractures with a distinct shearing component 
tend to occur in young individuals, whose den- 
se cancellous bone offers ideal holding power 
for internal fixation material. 

The B1 group, which includes fractures of 
the radial styloid and the medial cuneiform 
facet, will usually respond to closed reduction 
and percutaneous pinning or arthroscopically 
assisted percutaneous cannulated screw fixation 
(Fig. 4.3.3-6b). It is important to rule out scapho- 
lunate dissociation if the fragment is severely 
proximally displaced. If the fracture is irredu- 
cible, open reduction and internal fixation 
through the dorsal radial approach between the 
second and third compartment is recommen- 
ded. Medial cuneiform or isolated “die punch” 
non-reducible fractures are exposed through a 


Unstable fracture patterns 
require surgical fixation. 
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In the palmar approach it is 
recommended to release the 
carpal tunnel. 


B3 fractures are the classical 
indication for palmar buttress 
plating. 


small incision between the fourth and fifth 
extensor compartments. 

The B2 dorsal rim Barton type fracture does 
not commonly occur by itself but is often com- 
bined with a radial styloid fragment. Fixation 
techniques may involve K-wire or screw fixation 
depending on the fragment size. For unstable 
dorsal rim fractures a small buttress plate 2.7 
may be used. This group includes the radio- 
carpal fracture dislocations (B2.3). These are 
high-energy injuries with small marginal 
avulsions, as well as ulnar and radial styloid 
fractures in association with a complete dis- 
location of the entire carpus. The recommended 
treatment includes initial closed reduction, pal- 
mar capsular repair, and decompression of the 
median nerve through an extended carpal tun- 
nel approach. Stable fixation of the radial and 
ulnar avulsions using tension band wiring tech- 
niques and K-wires is advisable. Depending on 
the soft-tissue conditions, temporary neutra- 
lization with an external fixation frame for 4 
weeks will permit cast-free aftercare. 

Palmar marginal fractures (group B3) re- 
present the classical indication for palmar 
buttress plating (Fig. 4.3.3-7a). The fracture is 
reduced with hyperextension of the wrist over 
a rolled towel and fixed with an oblique T-plate 
3.5 which is pre-bent, so that a small space of 
1-2 mm is maintained between it and meta- 
physis. Once it is confirmed that the plate abuts 
with the distal rim of the fracture, the most 
proximal screw is inserted first, and by driving 
the second screw in the central oval hole a very 
good buttressing effect is obtained (Fig. 4.3.3-7b) 
[3]. The palmar capsule should not be opened 
to control articular reduction, since the integrity 
of the radioscaphocapitate and radiolunotrique- 
tral ligaments should be preserved. Interposed 
intra-articular fragments should be identified 
through the fracture site before preliminary 


a) 23-B3 


Fig. 4.3.3-7: Technique of palmar plating of a B3 fracture: 
a) Reduction by hyperextension of the wrist over a pad. 
b) A small fragment T-plate 3.5 is placed in a buttress 
position. The first screw is placed in the oval hole which 
permits the plate to be slid into the best position. 
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reduction and temporary fixation with K-wires. 
Palmar intra-articular fractures with a separate 
radial fragment may require additional fixation 
with K-wires driven percutaneously through 
the radial styloid. The plate can usually be cov- 
ered by suturing the pronator quadratus to the 
radial aspect of the shaft. 


5.4 Type C—complete 
articular fractures 


If the skeletal lesion has simple intra-articular 
components, with no metaphyseal comminution 
and no more than two fragments (group C1), 
these fractures usually respond well to closed 
or percutaneous reduction and rarely need 
formal open fixation. In percutaneous reduc- 
tion the cartilage-bearing fragments are mani- 
pulated under fluoroscopic guidance with an 
awl or a periosteal elevator through a small skin 
incision with a minimum of soft-tissue dissec- 
tion. They can be stabilized with percutaneous 
pinning (Fig. 4.3.3-8). 


Ww 


23-C1 


If the fracture presents with a simple intra- 
articular component and extensive meta- 
physeal comminution (group C2), external 
fixation is the method of choice to control 
radial shortening and metaphyseal angulation 
(Fig. 4.3.3-9 and Fig. 4.3.3-10) (Video A022024). 
If articular congruity is not adequately restored 
with ligamentotaxis following application of the 


Fig. 4.3.3-8: Technique of percutaneous reduction and K-wire fixation of a C1 fracture. 
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External fixation is the method 
of choice for fractures with 
simple intra-articular compo- 
nents and extensive meta- 
physeal comminution. 
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Fig. 4.3.3-9: External fixator. 


40°-60° 


a) Reduction of the fracture with percutaneous K-wires. 
Definition of angle of 40-60° for the placement of the 
external fixator pins (in two planes). 


b) Placement of external fixator in a joint bridging fashion 
with two pins each in the distal redius and second 
metacarpal. 


external fixator, then a percutaneous and/or 
limited open reduction in combination with 
bone grafting is advocated [13-15]. In this 
situation, a small dorsal approach between the 
third and fourth dorsal compartments is usually 
employed; the articular fragments are elevated 
against the carpus and stabilized with percuta- 
neous pins. Autogenous bone grafting is strongly 
recommended, since it provides additional me- 
chanical support to the small cartilage-bearing 
fragments—it increases the stability of the con- 
struct and accelerates bone healing. All this will 
permit removal of the fixator at 5 weeks [6]. 


©) Definitive reduction of the fracture and securing of the 
construct. 


d) The addition of a second longitudinal bar increases 
the stability. 
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With increasing articular disruption (more 
than two fragments, group C3) and when the 
fracture does not respond to ligamentotaxis 
(since this does not always allow for disim- 
paction of the central articular fragments and 
does not always accomplish reduction of se- 
verely rotated palmar ulnar lip fragments), 
extensile open reduction and bone grafting 
become progressively necessary. This group 
includes those fractures that represent a difficult 
therapeutic challenge due to: 

e the severity of the articular disruption, 

e the increasing amount of metaphyseal 
comminution, 

e inherent instability and irreducibility, 

e the presence of important bone loss of 
the distal forearm (gunshot wounds, 
open wounds, crush injuries), Fig. 4,3.3-10: External fixator: 

e association with carpal disruption and/ a) Displaced, intra-articular distal radial fracture (23-C2). 

: ite b) Postoperative views after percutaneous K-wire fixation. 
or fractures of the distal ulna or ipsi- 


s c) 3-year follow-up with almost symmetrical function. 
lateral fractures of the upper extremity. 
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Severely displaced four-part fractures may re- 
quire both a palmar and a dorsal approach. In 
our experience it is best to stabilize the palmar 
ulnar fragments first and to restore the mecha- 
nical continuity of the palmar cortex with a 
palmar buttressing plate [5, 16]. This provides 
a solid base onto which the dorsoulnar and 
radial styloid fragments can be reduced, com- 
bining ligamentotaxis with a simple external 
fixator frame and limited dorsal open reduction 
with iliac bone graft. 

In certain cases, plate fixation [16-18] may 
be used instead of external fixation provided 
that the following prerequisites are met: 

e exact reduction of bony cortex opposite 
the plate, 
¢ solid purchase of the screws in the 
distal fragments, 
e associated primary bone grafting of 
defects or comminuted areas, 
e ability to achieve primary soft-tissue 
coverage of the implants. 
For dorsal plate fixation the 1-shaped low-pro- 
file plate is preferred, because the transverse limb 
of the plate allows use of both smaller screws 
or pins. These can be threaded to the plate holes 
providing a condylar plate effect [18]. This 
feature facilitates independent fixation of arti- 
cular fragments while the two longitudinal 
limbs of the plate (Fig. 4.3.3-11) (Video AO22027) 
bridge the metaphyseal fracture. Indirect reduc- 
tion techniques are strongly encouraged for the 
application of the plate. This can be achieved 
with longitudinal intraoperative sterile finger 
trap traction, by using a fracture distractor, or 
with a temporary wrist external fixation device. 
Following temporary K-wire fixation of the 
fragments and controlled reduction with intra- 
operative fluoroscopy, the fracture is grafted 
and the plate applied. To prevent irritation of 
tendons in the third and second compartments, 


Fig. 4.3.3-11: a) Distal radius fracture type C2.1. 
b) 6 months after fixation with the 7-plate (distal radius 
plate 2.4/2.7). 
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the plate should be covered with an extensor 
retinaculum flap as described in the surgical 
approaches section. 


oe" Video A022027 


6 Postoperative treatment 


Depending on whether or not the fracture is 
associated with concomitant soft tissue, liga- 
mentous, or other skeletal injuries (e.g., carpal 
fractures or ipsilateral fractures of the upper 
extremity), aftercare will vary somewhat from 
case to case. For simple extra-articular and arti- 
cular fractures treated with percutaneous pin- 
ning or simple internal fixation with K-wires or 
small plates, a sugar tong splint is applied for a 
period of 2 weeks. This is followed for a further 
3 weeks by a short forearm cast with a window 
to allow for pin care. 

Group B fractures treated with palmar but- 
tress plating and cannulated screw fixation, 
with good holding power, have functional after- 
care after suture removal. For intra-articular 
fractures treated with open reduction, bone 


grafting, and external fixation, the frame is 
maintained for a period of 5 weeks. If the wrist 
was initially fixed in flexion and ulnar deviation, 
it is brought to a neutral position at 3 weeks to 
facilitate finger rehabilitation. Following removal 
of the frame, a protective wrist orthosis may be 
used intermittently for another 3 weeks. 

The fracture of the distal radius may be asso- 
ciated with primary repair of the triangular 
fibrocartilage or ulnar styloid fixation. In this 
situation, the forearm is immobilized in a sugar 
tong splint for a period of 3 weeks in 45° of 
supination. This is to allow initial fibrous 
healing of the distal radioulnar joint ligaments, 
and is done in all cases whether or not external 
fixation is employed. 

If the fracture is associated with primary 
scapholunate repair, when the frame has been 
removed at 5 weeks, cast fixation is continued 
for a total of 8 weeks postoperatively. For frac- 
tures of the distal radius with associated carpal 
bone injuries that have been treated with screw 
fixation, functional wrist aftercare is begun after 
removal of the wrist fixator at 5 weeks. 

The only indications for maintaining a wrist 
fixator for longer than 5 weeks are: 

e fractures which have not been grafted, 

e complex injuries with massive soft- 
tissue defect requiring secondary plastic 
coverage, or 

e fractures complicated by acute infection. 
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7‘ Pitfalls and 
complications 


Most of the pitfalls that arise during treatment 
of fractures of the distal radius can be avoided 
if the surgeon has made a correct diagnosis of 
fracture type, has clearly analyzed the indica- 
tions and contra-indications, and has profound 
knowledge of the anatomy of the wrist joint. 
Furthermore, before attempting to treat these 
fractures, surgeons should be very familiar with 
both internal and external fixation techniques. 
To avoid diagnostic pitfalls, special imaging of 
the wrist (CT scans, tomograms) should be 
undertaken if the fracture diagnosis is not clear 
in plain x-rays. 

Preoperative evaluation should also include 
the investigation of associated soft-tissue lesions, 
carpal disruption, and carpal fractures, since 
concomitant injuries are commonly associated 
with severely displaced distal radius fractures as 
a result of high-velocity injuries in multiple 
trauma. 

Neurovascular compromise or the presence 
of massive soft-tissue swelling and forearm 
compartment syndrome should be carefully 
ruled out. Adequate evaluation of the soft- 
tissue conditions is required to determine the 
ideal timing of surgery. Although surgical resto- 
ration of the articular surface is best carried out 
immediately after the accident, important soft- 
tissue swelling may jeopardize primary skin 
closure. For this scenario, surgery might be 
delayed for 5-6 days, provided that the initial 
displacement of the wrist is reduced and held 
in a plaster splint. Immediate surgery, on the 
other hand, is absolutely indicated if fractures 
are open or primary compression of the median 
nerve is present. In open fractures no attempt 
at primary soft-tissue coverage is made after 
fracture reduction. Usually the wound is left 


open and a mesh graft is applied, once the 
swelling has subsided and there are no signs of 
infection. 

The most common pitfall encountered when 
dealing with the fracture itself is to find con- 
siderably more articular comminution on opening 
the joint than was expected from the study of 
the initial x-rays. In these situations the surgeon 
must be prepared to obtain the best possible 
joint congruity with minimal soft-tissue dis- 
ruption and to graft subchondral bone defects. 
This must be followed by application of an 
external fixator that will at least restore radial 
length and maintain an adequate anatomical 
reduction of the distal radioulnar joint. 

During insertion of percutaneous or external 
fixator pins, iatrogenic damage to tendons, 
nerves, and vascular structures should be avoi- 
ded. The superficial branch of the radial nerve 
is at high risk during insertion of pins for a 
dorsoradial frame in the distal forearm. Gen- 
erous incisions for pin insertion, careful sepa- 
ration of the cutaneous nerves and underlying 
tendons with blunt dissection by using the drill 
guide will diminish these complications. Pro- 
phylaxis of pin-track infection is achieved by 
preventing primary skin necrosis, making sure 
that the skin surrounding the pins is not under 
excessive tension, and instructing the patient on 
daily pin care. 

Implant-related problems occur more often 
with dorsal implants because of the proximity 
and relationships of the extensor tendons and 
the bone. Adequate implant coverage is re- 
quired and an extensor retinaculum flap is 
strongly recommended. Over-long screws in- 
serted from palmar to dorsal in the metaphyseal 
area have been reported to cause extensive 
tendon attrition and rupture. 

Complications associated with fracture treat- 
ment have usually been associated with pro- 
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Fig. 4.3.3-12: ©) After 2 weeks the fracture was revised through a 

a) Complex, grossly displaced distal radial fracture 23-C2 palmar approach, a small fragment T-plate replacing the 
in the dominant hand of a young man. external fixator. 

b) Initial closed reduction with small external fixator and d) At 23 weeks the patient is pain-free with satisfactory 


percutaneous K-wires did not satisfy on lateral view. function. The radial fracture is united. 


longed use of external fixators, unphysiological 
wrist positioning, or extensive distraction. This 
produces median nerve neuropathy and meta- 
carpophalangeal joint stiffness. It is claimed that 
excessive wrist flexion may trigger reflex sym- 
pathetic dystrophy. There is also risk of iatro- 
genic non-union of the distal radius if fractures 
are over distracted to obtain adequate radial 
length. Static external fixation should therefore 
be reduced to a minimum provided that the 
fracture has been bone grafted to accelerate 
bone healing and/or supplementary internal 
fixation techniques have been employed. 


8 | Results 


Review of the relevant literature on operative 
treatment of distal radial fractures reveals that 
the more complex articular disruptions carry a 
more guarded prognosis than the simpler frac- 
tures. lt has been inferred that the final out- 
come reflects how effectively the anatomy has 
been restored. 

An acceptable final result requires: 

e less than 2 mm of articular incongruity 
(the ideal being perfect anatomical 
reduction of the joint surface), 

e radial shortening less than 5 mm, and 

e residual dorsal tilt of less than 10°. 

Long-term follow-up studies have demonstrated 
a strict correlation between wrist disability and 
posttraumatic deformity. Recent studies have 
shown the effectiveness of combined internal 
fixation, bone grafting, and external fixation 
techniques [9, 14, 15, 19]. In our own review 
of 40 intra-articular distal radius fractures man- 
aged by limited open reduction, we reported 
articular reduction to 1 mm or less in 92% of 
the patients, and radiocarpal arthritis at an 
average of 4 years follow-up to be present in 


only 5% of the cases. A recent report on opera- 
tive treatment of 49 palmar marginal intra- 
articular fractures [20] showed 31 excellent, 
10 good, and 8 fair results according to the 
system described by Gartland and Werley. 

Management of complex articular distal ra- 
dius fractures remains a difficult problem. How- 
ever, in the last decade substantial improve- 
ment in results has been achieved, due to a 
combination of external and internal fixation 
techniques, bone grafting, and improved plate 
design (Fig. 4.3.3-12). 
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Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/433.htm 
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Jesse B. Jupiter 


1 Treatment goals and 
fracture patterns 


Nowhere in the body does function follow 
form as closely as in the hand. The stability 
of its small articulations, the balance between 
its extrinsic and intrinsic motors and the com- 
plexity of the tendon systems require a stable 
and well-aligned supporting skeleton. The out- 
come of skeletal injuries in the hand may be 
judged more on the return of function of these 
soft-tissue structures rather than on skeletal 
union. 

Every effort must be made to obtain the 
cooperation of the patient in assessing pre- 
operative tendon, motor, sensory, and vascular 
status all of which should be carefully docu- 
mented. The goals in treatment of meta- 
carpal and phalangeal fractures remain the 
same regardless of the method employed. 
These include [1-5]: 

e Restoration of articular anatomy. 

e Elimination of angular or rotational 
deformity. 

e Stabilization of fractures. 

e Surgically acceptable wounds. 

e Rapid mobilization. 


Hand fractures: assessment and 
concepts of surgical management 


While many fractures of the tubular skeleton in 
the hand can be effectively treated by non- 
operative means, there are numerous fractures 
which, because of their nature, situation, or 
associations, require stable skeletal fixation. 
These include the following groups [6-10]: 
e Fractures which are: 
multifragmented, 
severely displaced, 
multiple metacarpal, 
short oblique or spiral metacarpal, 
accompanied by soft-tissue injury. 
e Fractures at particular sites: 
subcondylar, proximal phalanx, 
palmar base middle phalanx. 
e Displaced articular fractures: 
Bennett’s, 
Rolando, 
unicondylar and bicondylar. 
¢ Certain injury types: 
complete or incomplete amputations, 
some fracture dislocations. 


In any given fracture, stability is based upon 
its specific pattern, location, and response to 
motion, together with any associated injuries 
(Fig. 4.3.4-1). 


Nowhere in the body does 
function follow form as closely 
as in the hand. 


The goals in treatment of 
metacarpal and phalangeal 
fractures remain the same 
regardless of the method 
employed. 
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a) 25-B2.1 b) 25-B2.2 c) 25-B2.4 d) 25-B3.3 


2 Surgical anatomy 


The four metacarpals form the breadth of the 
hand, with the rigid central pillar extending 
through the index and middle metacarpals. The 
distal transverse arch of the hand is located 
along the deep metacarpal ligaments which 
interconnect the metacarpal heads. The thumb 
and the ring and little finger metacarpals are the 
mobile units (Fig. 4.3.4-2). 

The metacarpal shaft extends 
distally with a gentle dorsal con- 
vexity. The concave palmar cortex 
is denser than the dorsal cortex. 
This indicates a compression side 
on the palmar aspect, with tensile 
stresses normally present dorsally. 


I 


e) 25-B1.2 


Fig. 4.3.4-1: Common fracture 
patterns in the hand. 

a) Spiral metacarpal fracture. 
b) Oblique metacarpal fracture. 
c) Multifragmented metacarpal 
fracture. 

d) Simple articular fracture. 

e) Bicondylar fracture. 


Fig. 4.3.4-2: Longitudinal and 
transverse arches of the hand 
with the metacarpals. 
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condyle 
neck 
shaft 
base 


dorsal palmar 


Fig. 4.3.4-3: The surgical anatomy of 
the proximal phalanx. 


The proximal and middle phalanges are 
structurally divided into the base, shaft, neck, 
and head (condyles). In contrast to the meta- 
carpals, the phalanges are enveloped by the 
gliding surfaces of the overlying intrinsic and 
extrinsic tendons (Fig. 4.3.4-3 and Fig. 4.3.4-4). 

The distal articular anatomy of the proximal 
interphalangeal joint is condylar in configu- 
ration and when viewed tends to resemble a 
grooved trochlea. The palmar aspect is nearly 
twice as wide as the dorsal margin. Dynamic 
stability results from compressive forces within 
a joint which increase with pinch and grip, 
while passive stability derives from collateral 
ligament tension which increases with joint 
flexion (Fig. 4.3.4-5). 

When viewed in the sagittal plane, the meta= 
carpal head displays a curve of increasing dia- 
meter. When viewed in the coronal plane, it is 
pear-shaped. Because of the eccentric origin 
of the collateral ligaments on this oddly 
shaped metacarpal head, the joint is stable 
in flexion and lax in extension (Fig. 4.3.4-6). 


Fig. 4.3.4-4: The relationship of 
the gliding tendons with the 
phalangeal skeleton. 
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Fig. 4.3.4-5: The anatomy of 
the distal articular surfaces 
of the proximal phalanx. 


Suet XY r, 


Fig. 4.3.4-6: 


s AN Because of the eccentric origin 
The metacarpal head articulation. 


of the collateral ligaments on 
this oddly shaped metacarpal 
head, the joint is stable in 
flexion and lax in extension. 
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The carpometacarpal joint of the thumb is 
a reciprocally biconcave saddle joint. The 
thumb is allowed to have its extensive degree 
of free movement because of the relationship 
of the reciprocal concave and convex arcs of the 
bases of its metacarpal and trapezium, oriented 
almost at 90° to each other (Fig. 4.3.4-7). 


3 Preoperative planning 


The normal considerations of preoperative 
planning apply to the management of hand 
fractures. Because of the limited bone stock and 
the problems of access, implant selection is of 
critical importance. 


Fig. 4.3.4-8: 
Hand skeleton 
with available 
useful implants 
illustrated from 
compact hand 
set [11-14]. 


Fig. 4.3.4-7: 
The saddle joint of the thumb. 


3.1 Implants 
(Fig. 4.3.4-8) 


Implant: Screws 


Indications 


Distal or mid phalanx 
Distal or mid phalanx 
Unicondylar fracture 

phalangeal diaphysis 
Metacarpal diaphysis 
Metacarpus or carpus 
Metacarpus or carpus 


Implant: Plates 


Indications 


Mid or proximal phalanx 
Mid or proximal phalanx 
replantation 
Mid or proximal phalanx 
diaphysis 
Base proximal phalanx 
Base or neck 
proximal phalanx 
Metacarpal diaphysis 
Metacarpal diaphysis 
Metacarpal neck or base 
Metacarpal base 
Metacarpal replantation 
Thumb metacarpal 


Size 
1.1 mm 
1.3 mm 


1.5 mm 
2.0 mm 
2.4mm 
2.7 mm 


Size 
Cage 1.5 


H-plate 1.5 


Straight 1.5 
T-plate 1.5 
Mini condylar 1.5 


Straight 2.0 
LC-DCP 2.0 

Mini condylar 2.0 
T-plate 2.0 
H-plate 2.0 
Different 
adaptation plates 2.4 
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ines 4 | Surgical treatment 4.1.2 Proximal phalanx 


4.1 Approaches 


a 


Incisions are straight, with limited end curva- 
tures if needed. Dorsal venous drainage must 
be respected. 


4.1.1 Metacarpals l 


Fig. 4.3.3-9: Metacarpals: Fig. 4.3.4-10: Proximal phalanx: 

a) Incisions for individual metacarpal exposure. a) Mid-axial or dorsal longitudinal incision. 

b) Incisions for exposure of all four metacarpals. b) Exposure of the phalanx by splitting the extensor apparatus. 
c) Exposure to the metacarpal with minimal c) Exposure of the phalanx between the lateral band and 
elevation of the interosseus muscles. extensor apparatus. 


d) Elevation of the periosteum in a wide flap, which is 
sutured back after fixation. 
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4.1.3 Dorsal approach to proximal 
interphalangeal joint 


b) 


Fig. 4.3.4-11: Proximal interphalangeal joint: d/e) Exposure of the joint through a distally-based flap of 
a) The longitudinal skin incision is preferable. the central slip. 

b/c) Exposure of the joint between the lateral band and 
central extensor slip. 


4.1.4 Palmar approach to 
base of thumb 


£ 


Technique: 

e Elevate origins of abductor 
pollicis brevis and opponens 
pollicis off base of metacarpal. 

e Open carpometacarpal joint 
and reduce fracture under 
direct vision. 

e Temporary K-wire fixation. 

e Interfragmentary screw fixation 
with 2.7 or 2.0 mm screw 
(Fig. 4.3.4-8). Fig. 4.3.4-12: Modified extensile approach of base of thumb. 
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4.2 Rigid internal fixation in 
phalangeal fractures 


a) b) 


Fig. 4.3.4-14: Compression fracture at the base of the 
proximal phalanx—extensile exposure through the 
extensor apparatus. 

a) The central impacted fragment with displacement of 
the medial and lateral joint surfaces. 


Fig. 4.3.4-13: Bennett's fractures: 

a) Direct, percutaneous K-wire transfixation. 

b) Indirect reduction and percutaneous fixation. 
c) How to bend, cut, and sink a K-wire. 


(9) d) 


b) Reduction of the articular fragments is held with small 
K-wires. 

c) Cancellous bone graft is used to support the articular 
reduction along with a 1.5 mm lag screw. 

d) A T-adaption plate 1.5 is used to buttress the articular 
reconstruction. 
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lateral band 


Fig. 4.3.4-15: Unicondylar fracture—head of proximal phalanx. 
a) Access between the lateral band and the extensor tendon 
(omitted for clarity). 

b) The fragment is reduced and secured with a small K-wire. 


c) For screw fixation, the fragment must be at least 
three times the diameter of the screw thread. The 
placement of the screw should be slightly dorsal 
and proximal to the origin of the collateral ligament. 


Fig. 4.3.4-16: Bicondylar fracture—head of proximal phalanx. 
a) The condylar fragments are reduced and held with a small 
K-wire placed parallel to the joint line. 

b) Using a guide, a 1.5 mm drill bit is used to make a seating 
hole for the blade. 

c) The mini condylar plate 1.5 (pin left) is seated over the 
K-wire and a seating hole marked. 


d) The plate is contoured to fit the shaft, and the 
blade introduced. A 1.5 mm lag screw is placed 
across the condylar fragments. 

e) Three proximal screws (1.5 mm) are placed 
through the plate. 

f) A final interfragmentary screw may be introduced 
obliquely through the remaining plate hole. 
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5 Postoperative treatment 


For most injuries if stable internal fixation is 
achieved, a splint is initially used for comfort 
with active digital mobility started within 
2-3 days following surgery. 


6 Techniques, pitfalls, and 
complications 


6.1 Lag screw 


e Fractures to be fixed by lag screws 
alone should have a fracture line at 
least equal in length to twice the 
diameter of the bone. 

¢ The fracture should be opened and 
inspected to seek out hidden fracture 
lines or combinations; optimal screw 
placement is determined before fracture 
reduction. 

e Anatomical reduction of the fracture to 
interdigitate the fracture lines will help 
to prevent shearing displacement when 
the lag screws are tightened. 

e Repeated drilling or tapping of screw 
holes is to be avoided. 

e Screws should optimally be placed 
perpendicular to the fracture line 
rather than at an angle dictated by the 
surgical exposure. 

e Screw fixation of a single fragment 
should be considered only if its width is 
at least three times the thread diameter 
of the screw. 


6.2 Pitfalls in plate fixation 


e The plate is too large for location on 
bone. 

ə The plate is not accurately contoured 
before securing it to the bone. 

e The bulk of the plate may interfere 
with the gliding tendons around the 
phalanges, requiring a second operation. 


7 Results 


The development of better techniques to achieve 
stable internal fixation has led to substantially 
improved results, especially in skeletal injuries 
combined with soft-tissue and/or gliding tendon 
or joint involvement. The bibliography iden- 
tifies a number of studies demonstrating en- 
hanced outcome due in large part to stable 
skeletal management which has permitted 
earlier and more thorough functional aftercare 
[4, 6, 11, 15-18]. One must caution, however, 
that plate and screw fixation of the tubular 
skeleton in the hand is technically demanding, 
with some studies reporting problems should a 
second procedure be required to remove the 
plate and perform tenolyses and/or joint 
releases [1, 8]. 


Active movement of fingers 
and hand should start within 
2-3 days following surgery. 
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9 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/434.htm 
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1 Assessment of fractures 
and soft tissues 


Pelvic injuries are rare when compared to frac- 
tures in other body regions. Their overall inci- 
dence is estimated at about 3% of all fractures 
or 19-37 injuries per 100,000 inhabitants per 
year. Among “polytrauma” patients, the inci- 
dence has risen to about 25% and in the group 
of traffic-related fatalities a pelvic fracture was 
detected in as many as 42% of individuals. A 
pelvic injury must, therefore, be looked upon as 
an indicator of a major trauma until associated 
injuries can definitely be excluded. The close 
proximity of osteoligamentous structures to 
pelvic organs, neurovascular, hollow-viscera, 
and urogenital structures may lead to a wide 
range of severe complications and late sequelae 
if not diagnosed and treated early. The evalu- 
ation of a pelvic injury has to be based on repeated 
checks of the patient’s vital parameters (hemo- 
dynamics), a detailed clinical examination 
(pelvic stability, concomitant peripelvic injuries, 
neurology) and a structured radiographic evalua- 
tion. Emergency decisions can be based on a pelvis 
AP x-ray, whereas the detailed classification is 
assigned after additional oblique projections 
(“inlet” and “outlet” views, Fig. 4.4-1a/b) and a CT 
examination. In all situations which are unclear, 


Pelvic ring injuries: assessment and 
concepts of surgical management 
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Fig. 4.4-1: a) Positioning for inlet projection and drawing 
of the x-ray appearance obtained from the inlet projection. 
b) Positioning for outlet projection and drawing of the 
x-ray appearance obtained from the outlet projection. 
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or where a lesion within the posterior pelvic 
ring is suspected or diagnosed, CT examination 
is the present diagnostic “gold standard”. 

Additional diagnostic techniques such as 
ultrasound, cysto-urethrograms, EMG, etc. 
must be included in the early or late phase if a 
specific lesion is suspected. 

Decision making can be divided into two 
phases: 

I: Detection and treatment of life-threat- 
ening situations (“emergency algo- 
rithm”). 

II: Diagnosis and detailed classification of 
the osteoligamentous injury and 
operative planning and surgery, if 
required. 

As pelvic surgery has many potential risks, a 
detailed period of training in decision making, 
anatomy, and operative techniques is very 
strongly recommended, preferably organized as 
a fellowship in a suitable clinic. In this chapter 
a short overview is presented of the currently 
accepted concepts and techniques. Further in- 
formation can be obtained from standard text- 
books [1-3]. 


2 Surgical anatomy 


2.1 Osteoligamentous 
structure 


The pelvis has a stiff osteoligamentous ring 
structure with the pelvic joints (SI-joints and 
pubic symphyses) allowing only very limited 
movement under load. By far the greatest pro- 
portion of load goes through the posterior ring 
structures, giving them the key role when pel- 
vic stability is assessed. The pelvic bones them- 


selves have no inherent stability and therefore 
the integrity of the ligamentous structures is 
crucial to the preservation or the loss of stability 
(Fig. 4.4-2). 


2.2 Soft tissues and neuro- 
vascular structures 


Besides the essential contribution of the liga- 
ments to pelvic integrity, the large number and 
the high density of peripelvic organs and soft 
tissues play an important role in relation to the 
acute (e.g., hemorrhage) and late (e.g., neuro- 
logical, urologic injuries) prognosis. A clear 
understanding of structures at risk is necessary 
for the treatment of pelvic fractures. 

The combination of osteoligamentous and 
concomitant peripelvic soft-tissue injuries 
(hollow-visceral, urogenital, and neurovascular) 


posterior 1 anterior 


Fig. 4.4-2: Osteoligamentous anatomy of the pelvic ring. 
a) Important ligamentous structures for pelvic stability. 
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b) The posterior sacro-iliac 
ligaments play a key role in the 
evaluation of posterior stability. 


1 iliolumbar ligament 
2 Dorsal sacroiliac lig. 
3 Sacrotuberous lig. XQ 
4 Vetral sacroiliac lig. ~e 

5 Sacrospinous lig. 


LA 
ma 


c) Forces acting on pelvic 
structures and direction of 
displacement under load. 
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results in a significantly increased mortality and 
is therefore defined as “complex pelvic injury”. 
Mortality is further increased in cases where a 
life-threatening hemorrhage results in unstable 
hemodynamics. Therefore, patients admitted 
with a blood loss of more than 2,000 ml require 
attention as a specific group. 


3 Terminology and 
classification 


Clinical and radiological evaluation of the pelvis 


Grade of stability or instability 
is the platform for further 
decision making. 


based on the identification of the grade of 
stability or instability is the platform for 
further decision making. Transition between 


stability and instability is a continuum. For 
practical reasons and as a basis for indications, 
three different degrees of stability/instability are 
differentiated [4]: 


CS) GD GH © 


61-A 61-B 61-C 


Fig. 4.4-3: AO Miller Classification. 


Mechanical structure of the pelvic ring 
intact: type A injury, incidence 50-70% 
of patients. 

Partial posterior stability, rotational 
instability: type B injuries, incidence 
20-30% of patients. 

Combined anterior and posterior 
instability, translational instability: 

type C, incidence 10-20% of patients. 


The decision on whether or not to operate can 
be based on the fracture types: 


Type A injuries: surgical stabilization is 
only exceptionally indicated. 

Type B injuries: stabilization of the 
anterior pelvic ring alone is sufficient. 
Type C injuries: adequate stabilization of 
the ring is required, to minimize the risk 
of secondary displacement. 


Differentiation between partial or complete 


posterior instability (type B or C) can be difficult. 


The primary evaluation must be rechecked and 
followed, if necessary, by review of diagnosis and 
classification and the consequent therapeutic 
decisions. 

More than 40 classification systems or major 
modifications have been published over the last 
30 years. In contrast to other body regions, the 
possible variations of pelvic injury can include 
multiple lesions of the anterior and/or posterior 
ring, of the right and/or left side, and a great 
variety of involved fracture patterns and ana- 
tomical segments. 

The present classification of pelvic injuries 
based on the AO Muller system (Fig. 4.4-3) 
comes from the evaluation of the mechanism 
of injury and the resulting “stability/instability” 
of the pelvic ring [4, 5]. By extending the three 
basic fracture types A, B, C by groups, sub- 
groups, and specific modifiers, every injury and 
combination of injuries can easily be classified 
in an alphanumeric notation (see chapter 1.4). 


4 Primary evaluation and 
~ decision making 


The primary goals in the assessment of pelvic 
injuries are: 

¢ Incase of severe “internal” hemorrhage: 
is this caused by a pelvic fracture? 

e The clinical and radiological assessment 
of the degree of mechanical stability of 
the pelvic ring. 

e The diagnosis of peripelvic soft-tissue 
and organ injuries. 

The diagnosis of hemodynamic instability of 
pelvic origin must result in immediate surgical 
resuscitation procedures, preferably by following 
a “protocol” or “algorithm” as described in 
(Fig. 4.4-4). 
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In the vast majority of the cases of pelvic 
injury, hemodynamics are affected only mini- 
mally or not at all. However, a detailed clinical 
and radiological work-up for detection and 
grading of a pelvic injury is still necessary. 


Clinical examination 


Manual examination of pelvic stability is by AP 
and lateral compression, sometimes supple- 
mented by occasional push-pull examination of 
the leg. Repeated examinations should be avoi- 
ded in unstable situations, to prevent further 
induction of blood loss. 


Radiological examination 


The diagnosis is based on the radiological exa- 
mination. The AP pelvic view is mandatory 
and can provide a reliable working diag- 
nosis in about 90% of the cases. 

For three-dimensional analysis, oblique 
views (inlet and outlet films) are included to 
evaluate anterior, posterior, craniocaudal, and 
rotational displacement. 

A CT examination is performed in all 
cases to further define the posterior pelvic 
injury and any possible associated ace- 
tabular fracture. CT is not a method of 
emergency evaluation and can in most 
cases be delayed until the general condi- 
tion of the patient is stabilized. 


EA Instability of the pelvic 
ring combined with 
hemodynamic instability 


In this situation primary therapy has to con- 
centrate on immediate control of pelvic hem- 
orrhage. Several treatment protocols for emer- 
gency hemostasis have been published favoring 
a wide variety of methods (Table 4.4-1). No single 
method is effective by itself in controlling the 
bleeding. Only a combination of interventions 
(early pelvic stabilization followed by surgical 
hemostasis if necessary) following a priority 
orientated “algorithm” can have a beneficial 
impact on the patient’s survival. Continued 
evaluation of resuscitation algorithms is neces- 
sary to evaluate their efficiency in saving lives. 


5.1 Treatment protocol 


A standardized protocol for primary clinical 
treatment is used for all patients being admitted 
in polytrauma situations. If the pelvic fracture 
causes hemodynamic instability, this protocol is 
expanded by a “complex pelvic fracture mo- 
dule”. This is based on three simple decisions 
to be made within 30 minutes after admission 
(Fig. 4.4-4). Whereas the rare case of severe 
pelvic hemorrhage has to result in immediate 
surgical intervention, most patients will under- 
go a primary diagnostic evaluation (clinical 
examination, pelvis AP x-rays, ultrasound ab- 
domen). If the unstable hemodynamics 
come from a pelvic instability, emergency 
stabilization is performed immediately. 
The pelvic C-clamp or the simple external fixa- 
tor can allow effective stabilization as early as 
10-15 minutes after admission in the shock- 
room (Fig. 4.4-4 and Fig. 4.4-5). If these devices 


AP pelvic view provides diag- 
nosis in about 90% of cases. 


CT examination is performed 
in all cases but not as an 
emergency evaluation. 


Unstable hemodynamics 
resulting from pelvic instability 
require emergency fixation of 
the pelvic ring. 
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Fig. 4.4-4: Time after Pelvic trauma 
Emergency algorithm for admission 
pelvic injuries. , 
ae = = 
0-5 | External mass bleeding ? yes 
minutes | Crush trauma ? Immediate 
| emergency operation 
| no 
General resucitation 
(airway, circulation) y 
Hemostatis 
Basic Diagnostics Stabilize pelvic ring 
(x-rays chest, pelvis, 
sonography abdomen) 
Pelvic ring unstable + stable 
circulation ... 
unstable 
10-15. | Emergency stabilization 
minutes | (C-clamp, external fixation) 
Mass transfusion 
. : stable z r 
Circulation... -| Further diagnostics 
Ongoing polytrauma care 
unstable 
= | = z 2 
15-30 | Surgical hemostasis: 
minutes | Exploration 
| Tamponade 


Optimized pelvic ring stabilization 


| ICU 
, Circulation unstable 


Angiography 
Embolization 
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are not readily available, other non-invasive 
techniques (traction and ring closure with a 
sheet or pelvic sling, pneumatic anti-shock 
garment and vacuum splints) are used for emer- 
gency stabilization. Frequently, mechanical 
stabilization will reduce the amount of pelvic 
blood loss, but will not provide complete hemo- 
stasis. If the patient’s hemodynamics remain 
unstable 10-15 minutes after application, im- 
mediate surgical hemostasis with revision and 
repair of the pelvic retroperitoneum has to 
follow. 


Method Value 


5.2 Technique of pelvic packing 
in a hemodynamically 
unstable patient 


The patient is positioned supine with the entire 
abdomen and pelvis draped. If little or no intra- 
peritoneal free fluid was detected either on 
initial or on control ultrasound examination 
and the origin of bleeding can therefore clearly 
be centered to the pelvic region, a lower midline 
incision is used. With additional intraperitoneal 
hemorrhage, a formal laparotomy is performed 
and the incision is extended to the pubic sym- 
physis region. 


“Self-tamponade” 


Anti-shock trousers 


Embolization 


Pelvic stabilization 


Effective in uncomplicated pelvic fractures, but not effective in major 
disruptions with instability, as in these cases all “compartment 
borders” are disrupted (“chimney effect”) [6]. 


No impact on survival rate, severe complications reported (compart- 
ment syndrome, extremity loss), timely application [7]. 


Arterial lesions only present in 10-20% of cases [8], specialist required, 
time delay in unstable hemodynamics (blood loss > 2,000 ml!), 
method of secondary choice. 


Beneficial effect both in the acute situation and for the late outcome 
[9, 10]. Devices for emergency stabilization are the pelvic C-clamp 
[11] and/or external fixation and in rare occasions (contraindication 
for the pelvic C-clamp in comminuted iliac fractures) a definitive 
internal stabilization. 


Table 4.4-1: Pros and cons of different methods for hemorrhage control after pelvic fractures. 

The number of patients with hemodynamic instability directly related to an unstable pelvic fracture is small. While the 
individual variations are high and generally accepted standards for classification of associated injuries are missing, the 
literature is frequently misleading. The table can therefore only provide an overview of the value of the individual 
procedure. The aim of every protocol must be to provide timely early pelvic stabilization with effective control of 
hemorrhage, usually by surgical means. 
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b) The direct compression of the posterior pelvic 
ting provides better biomechanical stability 
compared to anterior external fixation frames. 
The pelvic C-clamp can be applied in the 
emergency room as part of resuscitation. In case 
of translational displacement, manual traction 
and internal rotation may be helpful during 
application of the clamp. 


Fig. 4.4-5: Components and 


application of the pelvic 
C-clamp. 


a) Pelvic C-clamp for stabilization 


of pelvic ring. 


== \ 


c) The insertion points for the pins 
lie on the crossing point of the 
femoral shaft axis and a vertical 
line starting just caudal to the 
anterior superior iliac spine. 
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In the majority of cases all parapelvic fascial 
planes have already been disrupted and direct 
manual access through the right or left para- 
vesical space down to the presacral region is 
obtained without further dissection. Primary 
orientation includes looking for a rare arterial 
bleeding, which is managed either by clamping, 
ligature, or a vascular repair. In mass bleeding 
a temporary clamping of the infrarenal aorta 
may be helpful (laparotomy required!). In most 
cases, however, diffuse bleeding stems from 
venous plexus and from the fracture surfaces, 
where a specific source cannot be identified. In 
external rotation-type injuries the sources of 
bleeding are generally located close to the ante- 
rior pelvic ring; in type C injuries the origin of 
bleeding is most frequently located in the pre- 
sacral region. Hemorrhage is controlled by ap- 
plication of tight presacral and paravesical pack- 
ing. Tamponade can only be effective if the 
posterior pelvic ring is sufficiently stable (C-clamp) 
(Video AO53030). If major posterior displace- 
ment is still present (check by palpation), the 
reduction is optimized by clamp loosening and 


q Video A053030 


further reduction by hand before the tampo- 
nade is reapplied. 

e At the end of the procedure the anterior 
pelvic ring is stabilized by a symphysis 
plate or, in transpubic instabilities, an 
external fixator. 

e Additional intra-abdominal organ 
injuries are repaired according to 
general surgical rules. Care has to be 
taken that further surgery is matched 
to the patient’s general condition. In 
many cases only emergency “damage 
control” procedures are advisable in the 
early stage (e.g., suprapubic urine 
drainage, insertion of a transurethral 
catheter, and suture of the bladder after 
urological injuries or, in rectal injuries, 
a diverting colostomy with prograde 
wash-out and drainage). 

e The tamponade packs are left for 24-48 
hours and are removed or replaced in 
planned “second look” operations. 

e Angiography and embolization are 
recommended if, after effective tampo- 
nade, a subsequent, significant pelvic 
blood loss still persists. 


6 The unstable pelvic ring 
in a hemodynamically 
stable patient 


This is the situation most frequently encoun- 
tered. In the hemodynamically stable patient, 
detailed evaluation of the nature of the pelvic 
ring injury is required before deciding about 
indications for and selection of appropriate 
stabilization techniques. A complete diagnostic 
work-up must be completed before definitive 
decisions can be made (see chapter 2.1 and 5.3). 
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| Type A (“stable” ring): 
Stabilization is not normally 
required. 


Type B (rotational instability, 
partial dorsal stability): 
Stabilization of the anterior 


pelvic ring is usually sufficient. 


Type C (anterior and posterior 
instability): Combined stabili- 
zation is required. 


Indications and decision 
making 


6.1 


The indications for surgical stabilization or non- 
operative treatment are based on the fracture 
type: 


Type A (“stable” ring) 
Surgical stabilization is not normally re- 
quired. Functional treatment will not produce 
further displacement. Treatment consists of a 
few days of bed-rest and early ambulation. 
Indications for open reduction and internal 
stabilization are exceptional (open or grossly 
displaced iliac crest fractures, displaced pubic 
rami fractures, avulsion fractures in young pro- 
fessional athletes, etc.). 


Type B (rotational instability, partial dorsal 
stability) 

Stabilization of the anterior pelvic ring is 
usually sufficient for early ambulation with 
partial weight bearing. The differentiation bet- 
ween the “type B injury” and the “type C in- 
jury” can be misleading in the primary eval- 
uation, especially in minimally displaced “la- 
teral compression type fractures” with a trans- 
foraminal sacral fracture line. Therefore, radio- 
logical controls must be made 8 and 14 days 
after injury or after ambulation to ensure that 
no posterior displacement has occurred. 


Type C (anterior and posterior instability) 
The pelvic ring requires combined posterior 
and anterior stabilization for anatomical 
reduction, early ambulation, and to avoid com- 
plications. 

Every part of the pelvic ring where an actual 
“instability” (not only a fracture line!) can be 
diagnosed should be addressed by surgical sta- 


bilization to provide stability and sufficient 
safety for early ambulation. As an example, in 
type C injuries an additional stabilization of the 
anterior ring is recommended after posterior 
osteosynthesis. The method of fixation, how- 
ever, is chosen according to the specific fracture 
pattern. 


6.2 Preparation and choice 
of fixation 
6.2.1 Instruments, implants, and 


timing 


Pelvic surgery embraces complex operations 
where, because of the anatomy, there is a high 
risk of causing additional damage (vascular 
injuries, neurological injuries, neighboring or- 
gans, soft tissues, etc.). Detailed analysis of 
every case, with individual decision making and 
planning, is therefore strongly recommended. 
Comprehensive knowledge is required of ana- 
tomical relations, reduction and stabilization 
techniques, to avoid complications. The basic 
rules for management of pelvic trauma must, 
however, be common to all trauma surgeons. 
Pelvic surgery is “specialist surgery” and a trans- 
fer of a “stable” patient has to be considered if 
only limited personal experience is available. 
The following precautions and preparations 
are mandatory for more extensive surgery: 
¢ availability of postoperative ICU therapy, 
e availability of sufficient blood replace- 
ment, 
e strategies to minimize blood loss 
(operative technique, cell saver), 
e experienced operative team with 
adequate assistance, 
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e standard and pelvic instruments (e.g., a 
pelvis set with reduction instruments 
and implants). 

The timing of surgery depends on the pa- 
tient’s general condition. The indications for 
emergency stabilization have already been dis- 
cussed; in general, an unstable pelvic injury 
should be stabilized as early as possible. As a 
high percentage of these patients are poly- 
traumatized, early definitive stabilization will 
not only facilitate management, but will also 
have a beneficial effect on the general prog- 
nosis. In patients with stable hemodynamics 
definitive surgery should be completed within 
14 days, and preferably within 7 days, after 
injury. After 14 days the difficulty of anatomical 
reduction increases significantly, leading to a 
high number of inadequate reductions. To pre- 
vent disability from malunion or non-union, 
which represent complex problems for late 
surgical correction, early decisions for anatom- 
ical reduction and stabilization should be made. 
The alternative is to consider early transfer to 
an appropriate unit. 


6.2.2 External vs. internal 
stabilization 


Discussion about the indications for external or 
internal stabilization in the different types of 
pelvic injuries remains inconclusive. The exter- 
nal fixator certainly has a place in the emer- 
gency treatment of pelvic instability and can be 
used as an additional fixation device in certain 
fracture patterns, for example, rotational insta- 
bility, open book. Its role as a definitive fixation 
device remains, however, to be established [2]. 


Therefore, the use of external and internal 
fixation devices should always be looked upon 
as “integrated methods” rather than as “concur- 
rent methods”. Some techniques of pin place- 
ment and frame construction are illustrated in 
Fig. 4.4-6 (Video AO52004a). 


Eo Video A052004a 


6.3 Preferred methods of 
fixation 


The techniques for internal stabilization of pelvic 
fractures are many and varied. The methods 
described have delivered reliable results in all 
cases where indications and techniques were 
correct. 
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b) 


Fig. 4.4-6: External fixation of the pelvis. 

a) Demonstration of a simple external fixator with one 
bar in the supra-acetabular region (“low route”) providing 
optimal holding power for the Schanz screws in the 
anterior inferior iliac spine—caveat hip joint penetration! 
b) Example of a pelvic frame with iliac crest fixation 
(“high route“). Despite the advantage of simple 
identification of the iliac crest, misplacements of the 
Schanz screws are frequent. 


6.3.1 Transsymphyseal instability 
(disruption of the pubic 
symphysis) with stable 
posterior ring 


The standard method of stabilization here is 
open reduction and internal fixation (ORIF) 
with a 2-hole or 4-hole dynamic compression 
plate (DCP 4.5) (see Fig. 4.4-7 for approach). For 
smaller individuals, DCP 3.5 or reconstruction 
plates are acceptable. To achieve optimal stability, 
care has to be taken to position the plate screws 
in a craniocaudal direction, affording them the 
longest possible bone contact in the pubic bone 
(Fig. 4.4-8a—d, Video 53027). 
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a) 


Fig. 4.4-7: Approach to the symphysis pubis. 

a) Horizontal Pfannenstiel type incision (7-12 cm 
long) about 2 fingerbreadths above the symphysis 
exposes the abdominal wall with the strong fascia of 
rectus muscles. 

b) Splitting the fascia usually exposes the injury with 
only a little more dissection to be done. Quite often 
the insertion of the rectus muscle is avulsed on one 
side only. There is no need to detach the other side 
to place a plate. 


b) 
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a) 


Fig. 4.4-8: a) Reduction and stabilization 
of ruptured pubic symphysis. 


b) Reduction of disrupted symphysis 
with large pelvic forceps with points. A 
dissection of the insertion of the rectus 
abdominis muscle should be avoided 
to prevent secondary hernias. 


c) Insertion of screws under 
the guidance of the index 
finger along the internal 
aspect of the pubic rami. 


d) Position of the DCP 4.5 or 3.5, e) If two plates are used to increase stability, a 4-hole 
or LC-DCP 4.5 or 3.5 “on top” of plate 3.5 is placed “on top” and a reconstruction plate 
the symphysis. 3.5 anteriorly. 
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o Video A053027 


6.3.2 Fixation of the pubic rami 


Pubic rami fractures are benign fractures; ex- 
tensive muscle coverage promotes rapid healing 
with sufficient stability approximately 3 weeks 
after injury. Strong periosteum, ligaments, and 
the muscle envelope will provide adequate 
stability in most cases. Surgical stabilization is 
therefore only necessary with wide diastasis of 
the fracture or severe displacement of the pubic 
rami or if, after osteosynthesis of posterior 
lesions (type C injuries}, the anterior ring has 
to be stabilized as well. The standard device— 
especially in emergencies—is a simple two-pin 
external fixator (see Fig. 4.4-6a). 

A “transpubic instability” that is combined 
with a ruptured symphysis can be stabilized by 
the use of an extra long screw (3.5 or 4.5 mm 
cortex screw) placed into the pubic ramus 
(Fig. 4.4-9). Care has to be taken to prevent the 
screws from penetrating the hip joint. Intra- 
operative use of an image intensifier is therefore 
recommended (see also Video A053027). 


b) 


Fig. 4.4-9: Screw fixation of a transpubic instability/ 
fracture. In case of transpubic instability, combined with a 
ruptured symphysis, a stabilization of the pubic ramus 
can be done using the same approach without further 
dissection with a long 3.5 mm cortex screw placed within 
the pubic ramus. For correct aiming, fluoroscopy is required. 
a) View of the whole pelvis with the screw in place. 

b) Cross-section showing the correct screw position in 
the anterior column. 
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Preferred method is an 
anterior plate fixation. 


6.3.3 Instability of the iliac wing 


Transiliac fractures have a wide variety of con- 
figurations, so individual planning of the inter- 
nal fixation is required for each case. In the 
region of the iliac crest, lag screws (3.5 mm) 
have been suggested. At the region of the pelvic 
brim DCP 3.5 or reconstruction plates are used 
(Fig. 4.4-10). 


6.3.4 Sacroiliac instability 


Sacroiliac instability can occur with either dis- 
ruption of the sacroiliac joint (SI-dislocation) or 
fracture dislocation involving the ilium (trans- 
iliac) or the sacrum (transsacral). 

Depending on the surgeon’s preference, an 
anterior or posterior approach is chosen. One 
method is an anterior plate fixation, as the 
anterolateral approach to the iliac fossa 
affords excellent exposure of the sacroiliac 
joint (Fig. 4.4-11). In the majority of cases, the 


Fig. 4.4-11: Anterior plate fixation of the 
Sl-joint. The Sl-joint is exposed by an 
anterolateral approach to the iliac fossa 
(see ilioinguinal approach, chapter 4.5). 
Care has to be taken to avoid an injury to 
the lumbo-sacral nerve root L5, which runs 
very closely (10-15 mm) across the ala of 
the sacrum. 


Usually the reduction can be 
performed by manual lateral 
compression or the insertion 
of a Schanz screw into the 

iliac wing. In delayed cases 
with difficult reduction, a pelvic 
reduction forceps (small or 
medium) can be applied. 


Fig. 4.4-10: Stabilization of the iliac wing. 

As there is wide variation in fracture patterns of iliac wing 
injuries, the type of fixation has to be planned indivi- 
dually. The iliac crest is usually stabilized by 3.5 mm 
cortex lag screws (exceptionally 6.5 mm screws). 


Narrow 3-hole DCPs 4.5 or 3.5 are the preferred 
implants. An angle of 60-90° between the two plates 
enables fixation in areas of dense bone and prevents 
shearing. The holes for the sacral screws are drilled 
under direct vision and parallel to the joint 
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reduction is facilitated because the anterior 
lesion (e.g., symphysis disruption) can be ex- 
posed simultaneously. The supine position has 
additional advantages in polytrauma situations 
because patient monitoring is facilitated and 
simultaneous operations are possible. 

This position provides an excellent orien- 
tation for inspection of the SI-joint, while the 
screw holes can be drilled into the sacrum under 
direct vision. Two standard DCP 3.5 or 4.5 
(3-holes or 4-holes) are preferred as implants. 
An angle of 60-90° between the plates facilitates 
iliac fixation in the dense bone at the pelvic rim 
and the dorsal iliac crest (Video A053028). 
Careful dissection is needed to avoid injury 
to the lumbosacral trunk (L5), which is usually 
only 1.5 cm from the region of the ventral SI- 
joint. 

lf a sacroiliac fracture dislocation exists, 
internal stabilization depends upon the fracture 
configuration. Combinations of screw and plate 
fixation using the anterolateral approach are 
preferred. 

An alternative and very valid technique is 
transiliosacral lag screw fixation (6.5 mm can- 
cellous bone or 7.3 mm cannulated screw) in 


60 Video A053028 


supine or prone position. The use of an image 
intensifier as proposed by Matta [12] is highly 
recommended to minimize the risk of iatrogenic 
injuries of the sacral plexus (see Fig. 4.4-13). This 
technique can even be performed percutane- 
ously. 


6.3.5 Transsacral instability 


The surgical treatment of sacral fractures is still 
under discussion. A specific problem is the com- 
bination of pelvic instability with a fracture 
pattern directly involving the cauda equina. The 
neurological complication rate is therefore high 
and treatment should be focused on the early 
recognition of potential risk factors for neuro- 
logical damage (displaced fractures, neurological 
deficits on clinical examinations, fragment in- 
terference with nerve roots in CT scans) while 
achieving an adequate stabilization of the 
injury. 

For this reason, in our own protocol, unstable 
sacral fractures are exposed by a posterior 
approach (Fig. 4.4-12) allowing direct vision of the 
fracture line, as well as decompression of the 
sacral plexus. For stabilization, “safe zones” on 
the sacrum are used for a direct plate fixation 
within the sacral bone (“local stabilization”). 

Alternative techniques for stabilization are 
the use of transiliosacral lag screws (Fig. 4.4-13, 
Video AO52004b) ilioiliac plate fixations (Fig. 4.4-14), 
internal fixators, and the application of ilioiliac 
sacral bars. The latter require one stable SI-joint, 
as otherwise they tend to shear and move. 
Whatever method of fixation is chosen, com- 
plete decompression and absolute anatomical 
reduction of the sacrum with stable fixation 
must be ensured. 


Avoid injury to the lumbosacral 
trunk (L5). 
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Fig. 4.4-12: Posterior approach to the Sl-joint . 

a) The skin incision starts 1-2 fingerbreadths distal 
and lateral to the posterior superior iliac spine and 
runs in a straight line proximally (about 10-15 cm). 
b) The origin of the gluteus maximus muscle is 
detached from the posterior iliac crest. This exposes 
the iliac wing and the gluteus medius muscle. The 
latter can be retracted. Care has to be taken not to 
injure the gluteal vessels and nerves that come out 
of the greater sciatic notch. 


4.4 Pelvic ring injuries...—T. Pohlemann 409 
— Se i ee — 


Fig. 4.4-13: Technique of iliosacral screw fixation 
from behind. 


c) The technique of Matta uses the 
fluoroscope (inlet and outlet 
views), which allows better control 
of screw insertion into the body of 
S1. This technique also allows 
stabilization of sacral fractures. 


d) Correct position of a 6.5 mm 
cancellous bone screw in the body 
of S1, which is the recommended 
location in the treatment of SI- 
disruptions. The $2 body should 
only be used if it is ascertained that 
pedicle diameter is adequate. 
e) The technique has a relatively 
high risk of neurological and 
vascular injuries with severe 
sequelae. More recently computer 
b) A Á guidance has been proposed 

e) A< ‘N especially for percutaneous screw 
a) Orientation and starting points for Ve N l placement. 
transiliosacral screw insertion (middle third j 
on a line 15 mm anterior to the gluteal crest). 
b) For pure Sl-dislocations, screws can be 
inserted under manual control by palpation of 
the ala through the greater sciatic notch [1]. 
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Fig. 4.4-14: Posterior transsacral plate or screw fixation. 
a) In cases of bilateral sacral fractures or severe commi- 
nution, where a single screw does not provide sufficient 
stability, an ilioiliac transsacral plate can be applied as a 
salvage procedure. The screws are anchored in the solid 
posterior ilical crest. 


b) Alternatively, sacral bars have been proposed. These, 
however, do not provide the same stability as a plate. 


Ti Video A052004b 


Pee Postoperative treatment 


The goal of pelvic stabilization is the early mobi- 
lization of the patient. The methods of fixation 
described will provide sufficient stability for 
mobilization under partial weight bearing, pre- 
suming the operative technique was correct. 

Radiographic controls should be made after 
mobilization to check for late displacement due 
to errors in classification (type B or C injury?) 
or technique. The duration of partial weight 
bearing is limited to 6 weeks in type B injuries 
and 8-10 weeks after type C injuries. 

Implant removal is often recommended 
6-12 months after operation when pelvic joints 
have been surgically transgressed (pubic sym- 
physes and sacroiliac joint); this is, however, not 
mandatory. 
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8 Pitfalls and 
complications 


Surgical complications after pelvic injuries can 
include the entire range of possibilities: 

¢ As pelvic injuries are accompanied 
by a high rate of thromboembolic 
complications, a “high risk” prophy- 
laxis should be applied continuously 
together with extended preoperative 
screening (color-coded Doppler ultra- 
sound, MRI, venography). 

e Precise surgical technique and the 
administration of perioperative anti- 
biotics are recommended to minimize 
the risk of infections. Postoperative 
hematomas should be evacuated 
immediately after detection. 

e Iatrogenic neurological and vascular 
injuries must be prevented by exact 
planning and knowledge of anatomy 
and approaches (cadaver studies, 
fellowships), as well as the correct use 
of image intensification. 

In the majority of cases, pitfalls are caused 
by inadequate primary diagnostics, mistaken 
classification, and difficult fracture patterns. 
These can lead to inappropriate indications and 
choice of stabilization methods. Exact preope- 
rative analysis and complete understanding of 
the “nature” of the injury are the keys to suc- 
cessful surgical treatment. Given the complexity 
of pelvic stability, only a few guidelines can be 
given: 

e External fixation alone is not sufficient 
for posterior stabilization in type C 
injuries. 

+ Additional implants in the anterior 
pelvic ring will not compensate the lack 
of fixation of a complete posterior 
lesion. 


e Even in “lateral compression type 
injuries” a complete posterior instability 
can be present (type C injury). 

¢ The differentiation between type B (no 
posterior stabilization necessary) and 
type C injuries (posterior stabilization 
required) can be difficult. Early radio- 
graphic controls can show secondary 
displacement and will enable early (and 
therefore easy) surgical correction (< 14 
days). 

e Early surgical reduction and stabili- 
zation prevent risky and technically 
demanding late corrections. 


Pelvic injuries are often 
accompanied by thrombo- 
embolic complications. 


9 Results and long-term 
assessment 


Pelvic fractures, especially the unstable types, 
lead to a high rate of late sequelae. Recent 
studies, including a multicenter study, have 
shown that by using standard indications and 
the techniques described here, a rate of over 
80% of anatomical reconstructions can be 
achieved even in type C injuries [13]. Despite 
this, however, in clinical terms, good and excel- 
lent results are still found in less than 60% of 
cases. Frequently, long-term neurological and 
urological deficits are responsible for patients’ 
complaints, but a non-specific pain in the poste- 
rior pelvic ring is also commonly reported. 

Therefore, patients after pelvic trauma 
should be seen in a specific follow-up program, 
which is preferably organized within an inter- 
disciplinary structure. 
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11 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/44.htm 
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and approaches 


David L. Helfet @ Craig S. Bartlett, III 


1 Introduction 


The treatment of acetabular fractures has rapid- 
ly evolved over the past three decades, leading 
to decreased morbidity and improved outcomes 
[1-6]. To a great extent, this can be attributed 
to the revolutionary techniques introduced by 
Judet [7, 8] and Letournel [1, 5]. However, 
accurate diagnosis, appropriately chosen ap- 
proaches, and proper surgical techniques are 
still necessary to offer the patient the best chance 
of a good surgical outcome. 


2 Evaluation and 
diagnosis 


2.1 The patient 


As for all trauma cases, the essentials of airway, 
breathing, and circulation are the initial priori- 
ties for a patient with an acetabular fracture, 
followed by a secondary survey. The latter is 
mandatory, as these high-energy fractures are 
associated with pelvic ring and long bone fractures, 
spinal and head trauma, and abdominopelvic 


Acetabular fractures 
Evaluation/classification/treatment concepts 


visceral injuries—often fatal in themselves [1]. 
Acetabular fractures most frequently result 
from indirect trauma, transmitted via the femur, 
after a blow to the greater trochanter, to the 
flexed knee, or to the foot with the knee extended. 
There is, therefore, a frequent association 
with fractures of the lower extremity. Con- 
tusions and abrasions in the area of the greater 
trochanter or iliac crest may herald the presence 
of the “Morel-Lavalle” lesion. This area is usually 
fluctuant, a large hematoma, with fat necrosis, 
having developed under degloved skin in sub- 
cutaneous tissues. Although technically they are 
closed injuries, these lesions have high rates of 
secondary bacterial contamination and require 
surgical decompression, débridement, and drain- 
age prior to definitive fracture care. 

Rectal and vaginal examinations are required 
to rule out the presence of an open fracture. 
Hematuria, although frequent in the trauma 
patient even without pelvic fracture, must be 
carefully assessed. Injuries to the superior gluteal 
artery often occur in association with fractures 
that enter the sciatic notch but may also result 
from an insult during surgery [1, 3, 9]. Patients 
with unexplained hemodynamic instability or 


Acetabular and lower limb 
fractures are often associated. 
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Accurate neurological 


examination is also critical. 


Associated hip dislocations 
must be promptly reduced. 


a drop in hematocrit should undergo pelvic 
angiography to exclude pelvic vascular injuries. 
An accurate neurological examination is also 
critical. Following a fracture of the acetabulum, 
the incidence of sciatic nerve compromise de- 
tected preoperatively (most frequently in the 
peroneal division) has ranged from 12-38% [1, 
2, 10-12]. 

An associated hip dislocation is an ortho- 
pedic emergency and requires prompt re- 
duction. If there is any tendency toward re- 
newed dislocation, then either proximal tibial 
or distal femoral skeletal traction is indicated— 
the latter is preferred if the ligamentous status 
of the knee has not been determined. The 
traction weight should be no more than one- 
sixth of the patient’s body-weight. The hip must 
be kept extended and externally rotated to assist 
in maintaining reduction. 


2.2 The fracture 


An AP view of the pelvis is required for all 
patients sustaining significant trauma (Fig. 4.5-1). 
In those diagnosed with, or suspected of having, 
a fracture of the acetabulum, three additional 
views are necessary: 

1) An AP view of the involved hip. 

2) An iliac oblique view (Fig. 4.5-2), 
obtained by rolling the patient 45° 
towards the injured side. This provides 
an “en face” view of the iliac wing and 
a profile of the obturator ring. (This is 
used to assess the posterior column and 
anterior wall.) 

3) An obturator oblique view (Fig 4.5-3), 
obtained by rotating the pelvis 45° 
towards the uninjured side, provides an 
“en face” view of the obturator ring, 
and a profile of the iliac wing. (This is 


Patient's position 


Fig. 4.5-1: The six fun- 
damental radiographic 
landmarks of Letournel 
1) Posterior wall (border 
or lip) of acetabulum 

2) Anterior wall (border 
or lip) of acetabulum 

3) Roof (dome or sourcil) 
4) Teardrop 

5) llioischial line (posterior 
column) 

6) Brim of pelvis 
(anterior column) 


Fig. 4.5-2: 

Right iliac oblique 
view (Judet). 

1) Posterior column 
2) Anterior wall 


Fig. 4.5-3: 

Right obturator 
oblique view (Judet). 
1) Anterior column 
2) Posterior wall 


4.5 Acetabular fractures—D.L. Helfet, C.S. Bartlett, III 


used to assess the obturator ring, 
anterior column, and posterior wall.) 


Axial and 3-D computed tomography (CT) 
improves understanding of the extent of 
injury (Fig. 4.5-4), especially in identifying the 
size and number of posterior wall fragments, 
marginal impaction injuries, rotation of the 
columns, and the presence of intra-articular 
fragments or femoral head fractures. This mo- 
dality can also identify injuries to the posterior 
aspect of the pelvis, such as sacroiliac joint 
disruption or a sacral fracture. A better appre- 
ciation of fracture line orientation will also 
facilitate the proper placement of implants. 


3 Classification 


Judet and Letournel [8] proposed a classification 
system for acetabular fractures (Fig. 4.5-5, Fig. 4.5-6) 
that is still widely accepted and based on the 
anatomical concept that the acetabulum is 


Fig. 4.5-4: Axial CT can be used for fuller clarification of 
the fracture pattern. a) Vertical (coronal) fracture line 
through dome, b) transverse fracture line, c) fracture lines 
traversing anterior and posterior walls. 


anterior 


a) b) c) 
wall 
wall 


posterior 


composed of two pillars or columns (Fig. 4.5-7). 
This has been incorporated into the more de- 
tailed AO Müller Classification [13] (Fig. 4.5-8): 


Type A: Partial articular, involving only 
one of the two columns 
A1 Posterior wall fracture 
A2 Posterior column 
A3 Anterior column or wall 
Type B: Partial articular, involving a trans- 
verse component 
BI Pure transverse 
B2 T-shaped 
B3 Anterior column and posterior 
hemitransverse 
Type C: Fractures (complete articular: both 
columns) 
C1 High variety, extending to the iliac 
crest 
C2 Low variety, extending to the 
anterior border of the ilium 
C3 Extension into the sacroiliac joint 
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Computed tomography (CT) 
improves understanding of the 
extent of injury. 


Fig. 4.5-8: AO Miller Classification 
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Fig. 4.5-5: The five elemental fracture types (Letournel). a) Posterior wall, b) posterior column, c) anterior wall, d) 
anterior column, e) transverse. 


see 


e) 


i> ic 


c) 


e) 


Fig. 4.5-6: The five associated fracture types (Letournel). a) Posterior column and wall, b) transverse and posterior wall, 
c) anterior column and posterior hemitransverse, d) T-type, e) both columns. 


anterior 
column 


anterior 
column 


posterior 
column 


Fig. 4.5-7: The two columns of bone 
that comprise the acetabulum. 
b) a) Internal view, b) external view. 
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4 Treatment 


4.1 Surgical indications and 
timing 


The decision to proceed with surgical stabili- 
zation, depends upon several factors, including 
the fracture pattern, availability of an expe- 
rienced surgeon, stabilization of associated 
visceral, skeletal, and soft-tissue injuries, and 
completion of all imaging studies necessary for 
preoperative planning. However, a femoral head 
dislocation or fracture as well as an incarcerated 
intra-articular fragment following a closed 
reduction must be addressed promptly to 
minimize the incidence of avascular necrosis of 
the femoral head and posttraumatic arthritis. 

Other indications for operative intervention 
include displacement of the articular surface, 
joint incongruity, and unacceptable roof arc 
measurements. These are based on the princi- 
ple that performing an accurate reduction 
of the articular surface, thereby obtaining 
a congruent hip joint, will restore normal 
joint mechanics. This is supported by the 
observation that long-term clinical outcomes 
closely correlate with the quality of the surgical 
reduction [1, 2, 14, 15]. Malreduction or sub- 
luxation of the hip joint will lead to ab- 
normal loading of the articular cartilage 
and subsequent joint arthrosis. While the 
amount of incongruity that is acceptable is still 
open to debate, it seems to be agreed that dis- 
placement or incongruity greater than 1-2 mm 
is unsatisfactory [1, 2, 14]. 

Because most non-displaced fractures will 
have a stable and concentric hip joint, surgery 
can often be avoided. Conservative management 
may also be prudent for some displaced frac- 
tures. These include fractures not extending 


into the weight-bearing dome, low anterior 
column fractures, small posterior wall fractures 
(not associated with a dislocation or involving 
the posterosuperior portion of the acetabulum), 
and certain low transverse fractures with roof- 
arc angles greater than 45° on all three radio- 
graphic views. For individuals with low demand, 
both-column fractures that demonstrate ex- 
cellent secondary congruence will often have a 
good functional outcome from non-operative 
treatment. 

Severe osteoporosis limits the ability to 
achieve rigid and permanent fixation, and 
is probably the single greatest contraindi- 
cation to internal fixation. If either signi- 
ficant osteoarthritis or femoral head damage is 
present, then primary total hip arthroplasty 
should be considered. Certain pre-existing 
medical conditions can increase the risks of 
prolonged anesthesia or blood loss and thus 
indicate conservative management. However, 
non-operative treatment presents its own 
risks, and subsequent late reconstruction of an 
acetabular malunion or non-union is quite 
difficult. 


4.2 Preoperative 
preparation 


Using the preoperative x-rays and axial CT 
images, the fracture should be reconstructed 
on a 3-D model. Medical conditions must be 
aggressively managed to permit surgical inter- 
vention, if indicated. Prophylaxis for deep 
vein thrombosis [16] is effective but to 
date there is no evidence-based proof that 
it is also effective in reducing the risk of 
fatal pulmonary embolism. It is appropriate 
to consider screening the pelvic veins with 
duplex ultrasound, magnetic resonance veno- 
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The greatest contraindication to 
surgery is severe osteoporosis. 


Non-operative treatment 
presents its own risks, and late 
reconstructions are most 
difficult. 


Normal joint mechanics will 
only result from accurate 
reduction leading to a 
congruent hip joint. 


Malreduction or persistent 
subluxation will lead to 
posttraumatic osteoarthritis. 


Be aware of deep vein throm- 
bosis as a potential source for 
pulmonary embolism. 
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Operative experience and the 
likelihood of anatomical 
reduction and stabilization will 


govern the choice of approach. 


The four most frequently used 
approaches are: 

1) Kocher-Langenbeck 

2) Ilioinguinal 

3) Extended iliofemoral 

4) Combination of 1) and 2). 


graphy or contrast enhanced CT scans on high- 
risk patients, and to delay surgery when 
findings are positive. Appropriate treatment, 
including Greenfield filter placement, can then 
be undertaken. 


4.2.1 Selection of proper approach 
The approach utilized is often dictated by 
the experience of the operating surgeon, 
but should provide the greatest chance of 
anatomical reduction and stabilization of 
the joint surface. Mayo [3] has stressed five 
factors which affect this selection: the fracture 
pattern, local soft-tissue conditions, presence of 
associated major systemic injuries, age and 
projected functional status of the patient, and 
delay to surgery. 
The three most frequently used approaches are: 
1) The Kocher-Langenbeck approach 
(Fig. 4.5-9), which gives access to the retro- 
acetabular surface of the innominate 
bone from the ischium to the greater 
sciatic notch. Access to the quadrilateral 
surface is possible by palpation through 
the greater and lesser sciatic notches, 
allowing assessment after the reduction 
of fractures involving the quadrilateral 
plate and anterior column. The greater 
sciatic notch also provides a window for 
the placement of clamps to manipulate 
and reduce these fractures. The superior 
gluteal neurovascular bundle limits 
access to the superior iliac wing in this 
approach. 
2) The ilioinguinal approach (Fig. 4.5-10) 
introduced by Letournel, [1, 4, 5], 
which offers a direct view of the iliac 
wing, anterior sacroiliac joint, the 
entire anterior column, and the pubic 
symphysis. 


3) The extended iliofemoral approach 
(Fig. 4.5-11), also introduced by Letournel 
[1, 5], which is an anatomical approach 
and follows an internervous plane, 
reflecting anteriorly the femoral nerve- 
innervated muscles and posteriorly the 
muscles innervated by the superior and 
inferior gluteal nerves. The posterior 
flap is mobilized as a unit without 
damaging its neurovascular bundles 
[1]. This approach provides direct 
exposure of the whole outer aspect of 
the ilium, the posterior column down 
to the ischium, and the hip joint. With 
further retraction of the iliopsoas and 
abdominal muscles medially (and some 
risk of devascularization), exposure of 
the internal aspect of the ilium is also 
possible. 

4) Acombination of 1) and 2). 

The AO Müller Classification can be used to 
provide general guidelines as to the selection of 
the proper approach: 

Al (posterior wall) Kocher-Langenbeck 
approach—lateral decubitus. 

A2 (posterior column) Kocher-Langenbeck 
approach. 

A3 (anterior wall and/or column) Ilio- 
inguinal approach. 

B1 (pure transverse) The proper approach 
depends on the obliquity of the trans- 
verse component, the direction of 
rotation, and the column with the 
major displacement. For most fractures, 
a Kocher-Langenbeck approach (prone) 
will be successful. For transtectal pure 
transverse (B1.2) and difficult associated 
transverse and posterior wall fractures 
(B1.3), an extensile approach may 
provide greater utility. 
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Fig. 4.5-9: Kocher-Langenbeck 
approach. 

a) Skin incision 

b) Deep exposure 


1 Anterior superior iliac spine 

2 Supracristal point (highest 
point of iliac crest) 

3 Posterior superior iliac spine 

4 Greater trochanter 

5 Sciatic nerve 

6 Superior gluteal nerve 

7 

8 


Joint capsule 
Medial femoral circumflex 
vessels 
9 Piriformis muscle released 
10 Conjoined tendon released 
11 Quadratus femoris 
12 Gluteus maximus tendon 
released 


i — aes 


Fig. 4.5-10: llioinguinal approach. 1. Iliohypogastric nerve 
a) Skin incision 2 Ilioinguinal nerve 
b) Deep exposure 3 Lateral cutaneous branch of 
iliohypogastric nerve 
2 KAN, 4 Lateral cutaneous nerve of thigh 
N 5 Penrose drain around femoral 
: iliopsoas muscle and lateral femoral 
5-7] n cutaneous nerve 
4 i n f 6 Penrose drain around femoral vessels 
’ í j 7 Penrose drain around the contents of 
the inguinal canal 


-i 


a) 
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b) 
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Anterior superior 

iliac spine 

Supracristal point 
(highest point of 

iliac crest) 

Posterior superior 

iliac spine 

Greater trochanter 
Sciatic nerve 

Superior gluteal nerve 
Short external rotators 
Gluteus medius and 
minimus muscles 
Sartorius muscle 
Rectus femoris muscle 


Fig. 4.5-11: Extended iliofemoral 
approach. 

a) Skin incision 

b) Deep exposure 
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The majority of acetabular 
fractures can be managed 
through a single surgical 
approach, but combined 


approaches are also feasible. 


B2 (T-shaped) If the major displacement is 
posterior, particularly in the infratectal 
or juxtatectal type, and there is an 
associated posterior wall fracture, then 
the Kocher-Langenbeck approach 
should be utilized. However, when the 
major displacement or rotation is 
primarily anterior, then the ilioinguinal 
approach should be employed. The 
patient should be prepped for both 
exposures, in case a supplemental 
approach is required. 

B3 (anterior column posterior hemi- 
transverse) Ilioinguinal approach if the 
anterior column shows major displace- 
ment and the posterior column is high. 
If the posterior column is low and 
displaced, we may need simultaneous 
double incisions or extended iliofemoral 
approach. 

C1/C2 (associated both column = complete 
articular fracture) Ilioinguinal approach, 
unless there is complex involvement of 
the posterior column/and or wall, 
which will necessitate an extensile 
approach. 

C3 (associated both column extending into 
SI joint) Extended iliofemoral approach. 


When open treatment is indicated, the major- 
ity of acetabular fractures can be managed 
through a single surgical approach, after a 
thorough preoperative evaluation of the fracture 
[14, 17]. For more complex fracture patterns, 
involving both acetabular columns, an extensile 
or combined anterior and posterior approach 
may be necessary for exposure and reduction 
[1, 5, 11, 18, 19]. Compared to single anterior 
or posterior approaches, extensile exposures 
involve greater patient morbidity, including 
increased operative time and blood loss, with 


risk of infection, nerve injury, abductor weak- 
ness, joint stiffness, and heterotopic ossification 
[1-3, 11, 19-21]. However, concerns about 
abductor muscle flap necrosis may be more 
theoretical than clinical [1, 15]. The extensile 
approach may be preferred in the presence of 
nearby suprapubic catheters and colostomies, 
where infection rates with the ilioinguinal 
approach rise rapidly, and when surgical treat- 
ment of the acetabular fracture is delayed 
beyond 2-3 weeks [1, 22]. The major technical 
limitation of the extended iliofemoral exposure 
is access to the low anterior column [3], where 
the procedure becomes more difficult and 
dangerous as the surgeon dissects medial to the 
iliopectineal eminence. 


4.2.2 Operating room preparation 


The patient is placed on a radiolucent operating 
table, which allows intraoperative traction and 
fluoroscopy. All cases should be performed 
under general anesthesia, with the option of 
hypotensive anesthesia to decrease blood loss. 
Epidural catheterization is optional as a method 
of decreasing the inhalational agents required, 
blood loss, and postoperative pain. A Foley 
catheter should be placed in the patient’s 
bladder, and vascular access established with 
two large-bore intravenous catheters. Patients 
of advanced age or with significant medical 
conditions may require placement of an addi- 
tional arterial or central line. An intraoperative 
cell saver permits recycling of about 20-30% of 
the effective blood loss and minimizes patient 
exposure to banked blood. 

Both somatosensory-evoked potentials and 
electromyography [10] may provide a degree of 
protective surveillance. The use of nerve moni- 
toring has not been proven to be of any more 
benefit than appropriately performed surgery. 
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4.3 Approaches 


4.3.1 Posterior: 
Kocher-Langenbeck 


(Fig 4.5-9) 


The patient is positioned in either the lateral 
decubitus or prone position. The former simpli- 
fies intraoperative management, particularly for 
the anesthesia team, and is used primarily for 
type Al and simple type A2 fractures. In this 
position, the weight of the leg often hinders 
the reduction of type B1 fractures, so prone 
positioning is to be favored. The maintenance 
of knee flexion (at 90°) and hip extension 
throughout the procedure reduces tension on 
the sciatic nerve. 

The incision is centered over the posterior 
half of the greater trochanter, extends distally 
along the shaft of the femur for approximately 
8 cm, and curves proximally toward the posterior 
superior iliac spine for another 8 cm. The fascia 
lata and fascia over the gluteus maximus are 
incised and the muscle gently split by blunt 
dissection. The sciatic nerve can be consistently 
identified along the medial aspect of the 
quadratus femoris fascia. A portion of the 
gluteus maximus insertion may require release, 
to decrease tension (Video 4.5-1). 

The short external rotators are placed on 
stretch by internal rotation of the hip, tagged, 
and reflected from their femoral insertions. 
Retraction of the obturator internus tendon 
provides access to the lesser sciatic notch and 
protects the sciatic nerve, which passes super- 
ficial to the tendon. Retraction of the piriformis 
tendon provides access to the greater sciatic 
notch, but fails to protect the sciatic nerve, 
which exits deep to the tendon. Blunt retractors 


oe Video 4.5-2 


are carefully placed into these two locations to 
provide a view of the entire retroacetabular 
surface. Caution should be taken to identify and 
protect the superior gluteal neurovascular 
bundle as it exits the greater sciatic notch. For 
fractures such as high transtectal transverse or 
T-type fractures, an osteotomy of the greater 
trochanter is occasionally required, to gain 
access to the superior weight-bearing surface of 
the acetabulum (Video 4.5-2). However, this 
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Keeping the bladder decom- 
pressed with a Foley catheter 
decreases the risk of injuring it. 


carries the disadvantage of potential non-union 
and an increased risk of heterotopic ossification. 

At closure, the external rotators are sutured 
to the cuff of tissue on the posterior aspect of 
the greater trochanter, or are reattached through 
drill holes. If a release of the gluteus maximus 
insertion has been required, this too is repaired. 
Deep and superficial drains are placed if felt 
necessary by the surgeon. The fascia lata and 
fascia over the gluteus maximus are repaired 
followed by the superficial closure. 


4.3.2 Anterior: ilioinguinal 
(Fig. 4.5-10) 


With the patient in a supine position, the in- 
cision starts at the midpoint of the iliac crest, 
curves towards the anterior superior iliac spine, 
continues parallel to the inguinal ligament, and 
ends 2 cm above the pubic symphysis. The 
avascular fascial periosteal layer at the iliac crest 
is identified and divided sharply, the abdominal 
and iliacus musculature is elevated in conti- 
nuity subperiosteally, and the internal iliac fossa 
packed with a sponge. Anteriorly, the incision 
is carried down to the level of the external 
oblique aponeurosis, and the contents of the 
inguinal canal identified and mobilized. The 
external oblique aponeurosis is incised 5 mm 
from its insertion on the inguinal ligament, 
from the anterior superior iliac spine to the 
external inguinal ring. Laterally, the conjoint 
tendon is incised from the inguinal ligament 
with a 2 mm cuff, while carefully preserving 
the underlying lateral femoral cutaneous 
nerve. As the incision proceeds medially, the 
reflection of the iliopectineal fascia will be 
encountered. Extreme care must be exercised, 
as the femoral vascular bundle lies just medial 


to this structure. By leaving the conjoint tendon 
intact, where it covers the femoral artery, vein, 
and lymphatics, unnecessary dissection is avoided 
and these structures protected. Medial to the 
vessels, the conjoint tendon can be incised, if 
required, and the ipsilateral rectus abdominis 
muscle released from the pubic tubercle to the 
pubic symphysis, allowing access to the space of 
Retzius. Keeping the bladder decompressed 
with a Foley catheter decreases the risk of 
injuring it. Associated anterior pelvic ring 
injuries may require fixation across the pubic 
symphysis, necessitating a partial release of the 
contralateral rectus abdominis muscle. 

Laterally, the iliopsoas muscle and the femo- 
ral nerve, and medially the femoral vasculature 
and lymphatics, are delicately separated from 
the iliopectineal fascia. Once this structure has 
been isolated, it is excised along the pelvic brim 
from the pectineal eminence to just anterior to 
the sacroiliac joint. Carefully, the femoral vessels 
are mobilized from the underlying ramus, but 
not before inspecting this area to avoid injuring 
an inconstant, but dangerous retro-pubic com- 
munication between the external iliac and the 
obturator or deep epigastric arteries (“corona 
mortis”). 

During closure, drains are inserted into the 
space of Retzius, over the quadrilateral surface 
and along the internal iliac fossa, if necessary 
due to the excessive wound bleeding. The recti 
abdomini are reattached to the cuff of tissue 
remaining on the anterior aspect of the pubis. 
The floor of the inguinal canal is repaired by 
suturing the conjoint tendon to the inguinal 
ligament with non-absorbable sutures. The roof 
of the inguinal canal is restored by repairing the 
external oblique aponeurosis and external 
inguinal ring. The skin is closed over a super- 
ficial suction drain. 
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4.3.3 Extensile: extended 
iliofemoral 


(Fig. 4.5-11) 


The patient is supported in the lateral decubitus 
position. The incision is in the form of an 
inverted “J”, beginning at the posterior superior 
iliac spine and extending along the iliac crest 
toward the anterior superior iliac spine, where 
it continues distally along the anterolateral 
aspect of the thigh for 15-20 cm [1, 3]. The 
avascular fascial periosteal layer at the iliac crest 
is identified and divided, and the musculature 
along the external surface of the iliac wing 
released up to the superior border of the greater 
sciatic notch and anterosuperior aspect of the 
hip-joint capsule. Care must be taken to identify 
and protect the superior gluteal neurovascular 
bundle as it exits the greater sciatic notch. 

In order to protect the lateral femoral cuta- 
neous nerve and the majority of its branches, 
the distal limb of the incision is carried through 
the fascial sheath of the tensor fascia lata muscle. 
Reflecting the muscle off its posterior fascia and 
retracting it laterally, the rectus sheath and 
fascia are exposed. Small vessels from the 
superficial circumflex artery are divided and 
coagulated between the superior and inferior 
spines, [1] the rectus fascia is divided, and the 
reflected and direct heads of the muscle are 
retracted medially to expose the aponeurosis 
over the vastus lateralis muscle, where a small 
vascular pedicle often requires coagulation [1]. 
The aponeurosis over the vastus lateralis can be 
divided longitudinally to expose the ascending 
branches of the lateral circumflex vessels, which 
must be isolated and ligated. Next, the thin 
sheath of the iliopsoas muscle is exposed and 
longitudinally incised. An elevator is used to 
strip the muscle from the anterior and inferior 


aspects of the hip capsule. The gluteus minimus 
and medius tendons are tagged and transected, 
leaving small cuffs, and the abductor muscle 
flap is retracted to expose the external rotators 
of the hip. From this point, the dissection is 
similar to the Kocher-Langenbeck. Further 
access to the internal iliac fossa and acetabulum 
can be obtained by subperiosteal dissection of 
the sartorius and direct head of the rectus, or 
by osteotomy of the iliac spines. In the absence 
of capsular disruption, the acetabular articular 
surface is exposed with a marginal capsulotomy, 
leaving a cuff of tissue for repair. Distraction is 
achieved with either a Schanz screw placed into 
the femoral neck or with a femoral distractor 
(Fig. 4.5-12). This approach creates significant 
soft-tissue flaps which it is important to keep 
moist throughout the procedure. 

Prior to closure, suction drains are placed 
along the external surface of the iliac wing, in 
the vicinity of the posterior column and vastus 
lateralis muscle. If the internal iliac fossa has 
been exposed, a third drain is placed here. All 
drains should exit anteriorly. The hip capsule is 
repaired first, followed by reattachment of the 
tendinous insertions of the short external 
rotators and gluteal muscles to the greater 
trochanter. Finally, the tensor fascia lata and 
gluteal muscles are reattached to their origins 
on the iliac crest. If a medial exposure has been 
performed, then the origins of the sartorius and 
direct head of the rectus femoris muscles are 
reattached through drill holes (or by lag screws 
if osteotomies have been performed). The fascia 
overlying the proximal thigh is repaired, a 
subcutaneous drain placed, and a superficial 
closure performed. 


The extended iliofemoral 
approach is most demanding 
and has inherent hazards that 
have to be taken into account. 
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Traction may reduce fragments 
with retained soft-tissue 
attachments. 


Fig. 4.5-12: Essential reduction 
tools are: 

a) The classical Judet table. 

b) The universal large distractor, 
where one Schanz screw is 
placed in the trochanter, the 
other into the pelvis. 


b) 


at 


4.3.4 Others 


Various other exposures have been proposed 
[23, 24]. Of these, the most useful are the 
extensile triradiate of Mears and Rubash [23], 
and the modified Stoppa (anterior) approach of 
Cole and Bolhofner. 


4.4 Reduction techniques 
and internal fixation 


Intraoperative traction brings about an in- 
direct reduction of those fragments which 
have retained their capsular or soft-tissue 
attachments. It also moves the femoral head, 
to permit inspection of the joint. This can be 
achieved either with a Judet fracture table [1], 
or by positioning the patient on a radiolucent 
table, with the leg draped free, followed by 
direct manual traction through the thigh, by 
a Schanz screw placed laterally into the femoral 
head, or with the large distractor (Fig. 4.5-12). 

A wide variety of reduction tools is available 
for use along the bony pelvis. Several of these 
may be needed to correct each of the displace- 
ment vectors. “King Tong” and “Queen Tong” 
clamps are designed for application from the 
outer and inner pelvic surfaces, or from the 
greater sciatic notch, to the anterior inferior iliac 
spine. The Lambotte-Farabeuf and the large 
pelvic reduction forceps are designed to anchor 
to screw heads on each side of a major fracture 
line, providing substantial leverage and rota- 
tional control of fragments. 

Several columns of bone exist for placement 
of screws, including the iliac crest, gluteal ridge, 
sciatic buttress, anterior column, and posterior 
column. A dislocated sacroiliac joint or 
displaced sacral fracture is usually reduced 
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first and fixed, prior to the reduction of 
the acetabular fracture. 


4.4.1 ORIF through the posterior 


approach 


In this approach, distraction of the hip joint is 
best achieved with a universal large distractor, 
with a 5 mm Schanz screw in the sciatic buttress 
proximally, and a second pin into the femur at 
the level of the lesser trochanter. This allows 
exposure of the joint, removal of loose frag- 
ments, and the reduction of any marginal 
impaction fractures. After traction has been 
released, the femoral head provides a template 


for the articular reduction. Autogenous cancel- 
lous bone, obtained through a small window in 
the greater trochanter, is then used to buttress 
the reduced marginal fragments (Fig. 4.5-13). 
For type Al fractures, the medial aspect of 
each cortical wall fragment should be cleared of 
enough soft tissue to permit the reduction to be 
seen, while retaining as much capsular attach- 
ment as possible to preserve the blood supply. 
These fragments are then reduced and held in 
place by the straight ball spike pusher, followed 
by provisional fixation with K-wires. A recon- 
struction plate 3.5 is applied in buttress mode 
over the reduced posterior wall and anchored 
to the ilium proximally and ischium distally. 
Under-contouring (under-bending) of this plate, 


A dislocated sacroiliac joint or 
displaced sacral fracture is 
usually reduced first and fixed, 
prior to the reduction of the 
acetabular fracture. 


Fig. 4.5-13: Posterior wall fracture. 

a) In case of a circumscribed impaction of 
the articular surface, this area must be 
carefully elevated and molded against the 
femoral head. 

b) The resulting defect must be filled with 
cancellous autograft or a bone substitute 
c) To hold the reduction, resorbable pins, 
K-wires, or a screw may be used. 


429 


in relation to the posterior wall, will aid in 
reduction of the construct and compress the 
fracture (Fig. 4.5-14) (Video AO20134). To pre- 
vent fracture displacement, one or more lag 
screws should be placed through the plate and 
posterior wall into the posterior column. Should 
significant fragmentation prevent capture of 


Fig. 4.5-14: Posterior 
placement of an under- 
contoured (under-bent) plate, 
during the reduction of a 
posterior wall fracture, will 
direct compressive forces 
across the fragment(s), thus 
effecting a stable reduction. 


each of the articular fragments with a lag screw, 
then spring hook plates are used (Fig. 4.5-15). 
When under-contoured, these further act to 
reduce small fragments to the femoral head. Be 
careful to ensure that the hooks of the spring 
plate do not impale the labrum and are far 
enough away from the edge of the joint not to 


Video AO20134 


Fig. 4.5-15: Spring hook 
plate technique for small 
posterior-wall fragments. 
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scratch the femoral head. It might be best not 
to place the hooks on the end of the plates and 
just use them as a buttress plate. 

In type A2 fractures, the posterior column 
is typically displaced postero-medially and 
internally rotated. Reduction is usually accom- 
plished by screw-holding forceps applied to 
4.5 mm bicortical screws inserted into each of the 
main column fragments. Additional derotation 
of the inferior portion of the posterior column 
fragment can be achieved with a 5 mm Schanz 
screw inserted into the ischium or by pelvic 
reduction forceps with pointed ball tips placed 
into the sciatic notch (Video A020135). The 
gluteal neurovascular bundle can be damaged 
during this maneuver, and must be monitored. 
After reduction and provisional fixation with a 
K-wire, a reconstruction plate 3.5 is applied 
from the ischium to the ilium. A lag screw 
across the fracture, into the anterior column, 
will prevent renewed displacement. 

Type A2 fractures seldom occur in isolation 
and are frequently associated with a posterior 


o Video A020135 
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wall fracture. In these cases, the wall tragment 
should be treated next with a separate buttress 
plate. 

Type B1 fractures require techniques similar 
to those used for type A2 fractures, except that 
the reduction is more difficult due to the 
additional anterior column involvement. An 
elegant maneuver is first to secure a plate into 
one of the fracture fragments, then to use the 
plate as a reduction tool. After provisional 
fixation and inspection, stabilization is obtained 
with a reconstruction plate 3.5 applied to the 
retroacetabular surface and lag screw(s). This 
plate should be over-contoured, to compress 
the anterior column segments as it is tightened 
down to the posterior column (Fig. 4.5-16). 


In acetabular fractures correct 
contouring of the plates is 
most essential. 


— over- 


contoured 


a) under- 
contoured 
plate 


Fig. 4.5-16: a) Posterior placement of an over-contoured 
(over-bent) plate during the fixation of a transverse 
fracture will result in compressive forces over the anterior 
portion of the fracture and an optimal reduction. 

b) In contrast, placement of an under-contoured (under- 
bent) plate during the reduction of a transverse fracture 
will lead to distraction of the fracture anteriorly. 
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Type B2 fractures are among 
the most difficult of all 
acetabular fractures. 


Under-contouring, as performed for type Al 
fractures, will actually lead to distraction of the 
anterior column in type BI fractures. A pos- 
terior to anterior column lag screw will prevent 
displacement of the anterior column. This screw 
can usually be placed through the posterior 
buttress plate and must be oriented parallel to 
the quadrilateral surface to avoid joint penetra- 
tion (Fig. 4.5-17). In case of a circumscribed 
impaction of the articular surface, this area 
must be reduced anatomically and the resulting 
bone defect must be filled with cancellous auto- 
graft (or bone substitute). Temporary reduction 
can be obtained by a resorbable pin, a K-wire, 
or a screw (see Fig. 4.5-13). 


Fig. 4.5-17: Demonstration of acceptable 
positioning of lag screw parallel to the 
quadrilateral plate. A screw which 
crosses deep within the cotyloid fossa 
may be retained until healing of the 
fracture. 


Type B2 (transverse and T-shaped) frac- 
tures are among the most difficult of all 
fracture types to manage, as the inferior 
segment has been separated into anterior and 
posterior fragments by a vertical stem com- 
ponent. Successful fixation of this fracture, 
through a posterior approach, is dependent 
upon the surgeon’s ability to palpate the ante- 
rior column and stem component through the 
greater sciatic notch. It is impossible to control 
the separate anterior column fragment by 
manipulation of the posterior column frag- 
ments. Thus, the surgeon must be familiar with 
the placement of instruments into the sciatic 
notch and with their use to manipulate the 
anterior column fragment after the provisional 
stabilization of the posterior column. Posterior 
column implants that cross into the anterior 
column will make such a reduction difficult, if 
not impossible. Definitive fixation is accom- 
plished with a posterior buttress plate and lag 
screws, as in type B1 fractures. 


4.4.2 ORIF through an anterior 
approach 


Reduction is facilitated by hip flexion, in order 
to relax structures crossing anterior to the hip 
joint. Manual traction with a Schanz screw, 
inserted through the lateral aspect of the femur 
into the femoral head, will effect fracture reduc- 
tion through ligamentotaxis. Every step is critical 
to the outcome of the procedure, including an 
accurate reduction of all fracture fragments, since 
the articular surface is not directly seen through 
this approach. Each fracture line should be care- 
fully irrigated and debrided to remove hema- 
toma and small fragments. The hip joint is also 
irrigated and loose fragments removed through 
the displaced portion of the articular fracture. 
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Reconstruction of type A3, B3, and C 
fractures begins with reduction of the indi- 
vidual peripheral fracture fragments to 
portions of the intact pelvis. Working from the 
periphery towards the articular surface, frag- 
ments are sequentially reduced and provision- 
ally stabilized. This process requires patience 
and a three-dimensional understanding of the 
pelvic anatomy. The crest is stabilized by any 
combination of lag screws or reconstruction 
plates 3.5. 

In type A3 and B3 fractures, the anterior 
column is next reduced to the intact iliac wing 
and temporarily stabilized with a K-wire or 
3.5 mm lag screw into the sciatic buttress. 
Finally, any anterior wall or superior pubic 
ramus fractures are reduced and provisionally 
fixed. 

For type C fractures, the reconstruction must 
be performed perfectly, from the iliac crest to 
the symphysis pubis, in order to provide an 
anatomical template for subsequent reduction 
of the posterior column to the reduced anterior 
column. An incomplete anterior column frac- 
ture may require completion to permit an 
adequate reduction. The anterior column seg- 
ment is typically shortened and externally 
rotated. In order to reduce this segment to the 
intact iliac wing (“spur” sign), a significant 
amount of longitudinal traction is often re- 
quired. 

Definitive fixation of most fracture types 
involves a reconstruction plate 3.5 molded 
along the iliac fossa, across the iliopectineal 
eminence to the pubic tubercle and pubic 
column (Fig. 4.5-18). This should not cross the 
symphysis pubis, unless there are associated 
ramus fractures or involvement of the sym- 
physis pubis with an associated pelvic ring 
injury. This plate must be perfectly contoured, 
otherwise its fixation to the pelvis can lead to 


Fig. 4.5-18: In general, anterior fixation includes at least 
two screws into the pubis, two into the intact iliac wing, 
and any number of bicortical or lag screws through a 
reconstruction plate contoured along the pelvic rim. In 
this example, three screws, one through the plate and 
two outside the plate, have been used to lag the 
posterior column. 


poor reduction of the acetabular fracture. The 
plate is fixed to the internal iliac fossa, superior 
to the acetabulum, with 3.5 mm cortex screws, 
and medially to the pubic tubercle and ramus. 
Screw placement within the thin central area 
of the iliac fossa should be avoided. In contrast, 
the sciatic buttress and quadrilateral plate, 
proximal to the acetabulum, provide optimal 
purchase for stabilization of the anterior 
column to the iliac wing and posterior column. 
Aiming the screws parallel to the quadrilateral 
plate best prevents joint penetration. 

In type C and B3 fractures, following anato- 
mical reduction and stabilization of the anterior 
column, the rotated and medially displaced 
posterior column is reduced to the restored 
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Reconstruction of type A3, B3, 
and C fractures begins with 
reduction of the individual 
peripheral fracture fragments. 


Definitive fixation of most 
fractures requires a recon- 
struction plate 3.5 molded 
along the iliac fossa. 
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Type C fractures require 
sequential reconstruction from 
the periphery toward the 
acetabulum. 


Fig. 4.5-19: The danger zone of screw placement, 
through the ilioinguinal approach, extends from the 
anterior border of the iliopectineal eminence to the 
anterior border of the anterior inferior iliac spine. Screws 
placed in this region can easily violate the joint. Therefore, 
if they are required, screws must be placed perfectly 
(parallel to the quadrilateral plate) or be unicortical. 


anterior column. This often requires lateral and 
anterior traction of the hip, via the Schanz 
screw in the femoral head, and specially de- 
signed pelvic reduction clamps. One tine of the 
clamp is placed on the outer surface of the 
ilium, through a small limited exposure, and 
the other tine is placed on the quadrilateral 
plate and/or posterior column. With a small 
supplemental bone hook, slipped down the 
quadrilateral plate to the ischial spine, the 
posterior column can be pulled up to the 
anterior column. Upon reduction of the 
posterior column, 3.5 mm lag screws are 
inserted through the pelvic brim superior to the 
acetabulum into the posterior column. These 
should parallel the quadrilateral surface, aiming 
for the ischial spine (Fig. 4.5-18, Fig. 4.5-19). 
For other valuable maneuvers and tricks see 
chapter 3.1. 


4.4.3 ORIF through an extensile 
approach 


For type B2 and the more comminuted vari- 
ants, the anterior column may be reduced first 
with respect to the residual acetabular “roof” 
portion of the ilium [23]. The screw-holding 
forceps and 4.5 mm cortex screws proximal and 
distal to the posterior column fracture will 
improve distraction, débridement of the fracture 
surfaces, and reduction. A laminar spreader in 
the fracture site is also useful. For additional 
control, a Schanz screw is placed in the ischium, 
or a pelvic clamp in the greater sciatic notch. 
Prior to definitive reduction, a gliding hole 
inserted into the proximal aspect of the posterior 
column, from superior to inferior, will assure 
optimal positioning of a 4.5 or 3.5 mm cortex 
lag screw in the middle of the posterior column. 
Additional stabilization is accomplished with a 
reconstruction plate 3.5 molded to the posterior 
column. A lag screw can also be inserted from 
the lateral aspect of the iliac wing, and angled 
from posterosuperior to anteroinferior directly 
down the superior pubic ramus to secure the 
anterior column of the acetabulum. Care must 
be taken to assure that this screw remains extra- 
articular and does not penetrate the anterior 
aspect of the superior ramus in the area of the 
iliopectineal eminence, where the femoral 
vasculature is closely adherent. 

Type C fractures require sequential recon- 
struction from the periphery toward the aceta- 
bulum. Once the iliac wing is stabilized with lag 
screws and/or reconstruction plates 3.5, the 
posterior column is reduced to the iliac wing by 
looking directly at the acetabular articular 
surface. Next, the anterior column is reduced 
to the intact posterior column, with 4.5 mm lag 
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screws inserted from the anterior superior spine 
into the sciatic buttress, and/or anterior column 
lag screws from the lateral aspect of the iliac 
wing. 


4.5 Assessment of 
reduction and fixation 


Prior to closure, the reconstructed aceta- 
bulum must be assessed using fluoroscopic 
imaging and intraoperative radiographs 
(anteroposterior pelvic, obturator, and iliac 
oblique views) to confirm that a satisfactory 
reduction has been achieved, and to ensure 
there has been no inadvertent intra-articular 
hardware placement. Depending on the ex- 
posure used, the adequacy of the reduction of 
the posterior column to the anterior column is 
determined by digital palpation along the 
quadrilateral surface, or through the greater 
and lesser sciatic notches. Moving the hip while 
a finger touches the quadrilateral surface can 
detect the presence of any crepitation in the 
joint, indicative of residual bony fragments or 
intra-articular hardware. 


4.6 Postoperative 
management/ 
rehabilitation 


Postoperatively, patients are maintained on intra- 
venous cefazolin for 48-72 hours. Thrombo- 
embolic prophylaxis should be discussed with 
the patient. At the present time there is no 
evidence-based data to prove that prophylaxis 
will prevent fatal pulmonary embolism. There 
are serious complications that will occur if 
prophylaxis is used uncritically. After Kocher- 
Langenbeck approaches, extended iliofemoral 


approaches, and ilioinguinal approaches where 
the external surface of the iliac wing has required 
stripping, Indomethacin (75 mg sustained re- 
lease) orally once daily for 6 weeks, provides 
prophylaxis against heterotopic bone forma- 
tion. 

Early mobilization should be stressed and 
patients encouraged to sit up within the first 
24-48 hours following surgery. After the 
removal of drains, usually by the third day, 
patients are allowed toe-touch weight bearing 
using crutches. Strengthening exercises and gait 
training are initiated by the physical therapist. 
However, weight bearing is not advanced for 
6-8 weeks. In the case of an extended ilio- 
femoral approach or a trochanteric osteotomy, 
active abduction is avoided for 6-8 weeks. 
During the third month, depending on radio- 
graphic evidence of healing, the patient is allowed 
to progress to full weight bearing as tolerated. 

Intraoperative x-rays may be inadequate to 
demonstrate residual joint incongruity, 
penetrating hardware, or loose fragments. 
Therefore, postoperative x-rays (anteroposterior 
pelvis, obturator, and iliac oblique views) are 
recommended but CT scan is only needed if the 
plain x-rays do not confirm an adequate reduc- 
tion or show that the screws are all out of the 
joint. 


4.7 Complications 


4.7.1 Early 

Intraoperative complications include neu- 
rovascular injury, inadequate reduction, 
articular penetration of hardware, and pul- 
monary embolism (PE). Early postoperative 
complications include deep vein thrombosis 
(DVT), skin necrosis, infection, loss of reduction, 


The reconstructed acetabulum 
should be radiologically 
assessed prior to closure. 


Joint incongruity, misplaced 
hardware, and loose fragments 
may not show on intraoperative 
x-rays, therefore postoperative 
x-ray assessment is mandatory. 


Neurovascular injury, 
inadequate reduction, articular 
penetration of hardware, and 
pulmonary embolism may 
complicate surgery. 
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rig. 4.95-20: 

22-year-old female, 
unrestrained driver involved 
in a motor vehicle accident. 
a) Radiographic views 
(anteroposterior/obturator- 
oblique/iliac-oblique; 
respectively) revealing a 
displaced (left) associated 
both-column acetabular 
fracture. The iliac oblique 
view demonstrates the 
pathognomonic spur sign. 
b) CT scan showing 
displacement/rotation of 
the 2 columns. 


d) Follow-up radiographs (anteroposterior/obturator-oblique/iliac-oblique; respectively) showing an 
anatomic reduction via an anterior approach with restoration of the joint surface and fracture healing. 


c) 3-dimensional CT reconstruction 
images demonstrating the malrotation 
and displacement of the 2 columns. 
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arthritis, and death. The incidence of infection 
is between 4-5% [1, 2, 14, 15]. An iatrogenic 
sciatic nerve injury or worsening of a pre- 
existing deficit can cause significant problems. 
While correlated with the experience of the 
surgical team [1, 2], even the most experienced 
surgeons still report rates of 2-3% [2]. The 
incidence of DVT detected by proximal screen- 
ing has been reported to be +30% and plays a 
major role in postoperative morbidity and 
mortality. However, improved treatment pro- 
tocols and preoperative detection of venous 
thromboembolism by magnetic resonance 
venography [25] has lead to a lower incidence 
of PE. 


4.7.2 Late 


Late complications include heterotopic 
ossification, chondrolysis, avascular necrosis, 
and posttraumatic arthrosis. Heterotopic 
ossification is the most common complication 
following the operative fixation of acetabular 
fractures, with an incidence ranging from 18-90% 
[1, 2, 21], most commonly in association with 
the extensile approaches [1, 2, 15, 21]. Both 
Indomethacin [1] and low dose radiation 
therapy (single or multiple fractions) [1, 21] 
have displayed prophylactic efficacy when given 
early. The incidence of avascular necrosis of the 
femoral head following operative treatment of 
acetabular fractures has generally ranged from 
3-9% [1, 2]. Posttraumatic arthrosis is directly 
related to the quality of reduction—the 
better the latter, the greater the chance of 
a good or excellent result. 


10. 
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6 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/45.htm 
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Reinhard Hoffmann € Norbert P. Haas 


1 Introduction 


According to the AO Miller Classification 
(Fig. 4.6.1-1), fractures of the proximal femur 
are devided into three groups: 

* Type 31-A: Extracapsular trochanteric 


fractures 

¢ Type 31-B: Intracapsular, femoral neck 
fractures 

¢ Type 31-C: Intracapsular, femoral head 
fractures 


2 Trochanteric fractures 
(31-A) 


2.1 General considerations 


Trochanteric fractures are the most fre- 
quent fractures of the proximal femur and 
occur predominantly in geriatric patients. The 
early perioperative mortality is, therefore, rather 
high. Trochanteric fractures are always extra- 
capsular and the vascularity of the femoral head 
is rarely compromised. Operative treatment is 
generally indicated and leads to a good clinical 
result in the majority of cases. 


Femur: proximal 


Considering different classification systems, 
the commonly used terms stable and unstable 
basically address the fact that some fractures are 
simple and easy to fix, while others are more 
complex and demanding. The AO Müller Clas- 
sification subdivides trochanteric fractures into 
three groups. Al fractures are simple two frag- 
ment fractures with a good support at the medial 
cortex. A2 fractures are multifragmentary with 
the medial and dorsal cortices broken at several 
levels, but with an intact lateral cortex. In A3 
fractures the lateral cortex is also broken 
(reversed fracture type). If the center of the 
fracture line is below the transverse line at the 
level of the distal end of the lesser trochanter 
which marks the defined inferior limit of the 
trochanteric region, it is a subtrochanteric 
fracture, to be discussed in chapter 4.6.2. 


2.2 Surgical treatment 


Standard AP and axial x-rays of the proximal 
femur are required for evaluation of the frac- 
ture. If a proximal femur nail (PFN) is planned 
for an unstable fracture, the femoral shaft must 
be included for measurement of the width of 


31-Al 


31-B3 31-C3 


Fig. 4.6.1-1: AO Miller Classification 


Trochanteric fractures are the 
most frequent fractures of the 
proximal femur. 
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For stable fracture patterns the 
DHS is the implant of choice. 


Internal fixation schould be 
done as early as possible. 


the medullary cavity and assessment of dia- 
physeal morphology. With excessive anterior 
bowing of the femur it may be impossible to use 
a PEN because its tip may perforate the anterior 
cortex of the shaft and cause a fracture. 

As soon as the general condition of the 
patient is under control, internal fixation 
should be carried out. The fractures are usually 
reduced and fixed either on a radiolucent or a 
fracture table (Fig. 4.6.1-2). Both techniques 
have their advantages and disadvantages. How- 
ever, intraoperative x-ray control with an image 
intensifier in two planes is mandatory. 

Successful treatment of trochanteric frac- 
tures requires a mechanically stable osteo- 
synthesis based on proper use of implants and 


Fig. 4.6.1-2: 

Positioning on a fracture table. Alternatively, a 
radiolucent table with simple supine positioning 
may be used. 


instrumentation. Internal fixation of these frac- 
tures has advanced greatly in recent decades 
and the different concepts of fixation overall 
provide good results, if applied correctly [1-5]. 
The DHS (dynamic hip screw) is the im- 
plant of choice for stable fractures (A1, 
A2.1). It allows secondary impaction of the 
fracture along the axis of the gliding femoral 
neck screw (Fig. 4.6.1-3), which must be placed 
in the center of the femoral head [6]. A position 
in the superior quadrant may lead to failure by 
pull-out, particularly in osteoporotic bone. To 
avoid malposition of the DHS, correct placement 
of the guide wire is essential and has to be 
checked carefully in two planes (Video AO20156B). 


31-Al 


a) b) 


Fig. 4.6.1-3: 

a) Trochanteric two-fragment fracture (A1). 

b) The fracture can be fixed with a DHS. The additional 
insertion of a cancellous bone screw provides increased 
rotational stability. 
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2:5mminhreaded 
GuidejWire 


an 


68" Video AO20156B 


Due to its biomechanical characteristics, the 
new PEN is especially suitable for highly un- 
stable multifragmentary fractures (A2.3 and 
A3) (Fig. 4.6.1-4, Fig. 4.6.1-5). Distal locking 
should be static (Video AO20173B). 


31-A2.3 


a) b) (9) 


ga Video A020173B 


The DCS and condylar plate as well as the DHS 
with the trochanter-stabilizing plate (Fig. 4.6.1-4c) 
[7, 8] may be valid alternative options in selected 
cases. Of the three, the DCS may be easier to 
insert (chapter 4.6.2). 


Fig. 4.6.1-4: 

a) Multifragmentary trochanteric fracture 
(A2.3). 

b) Typical unstable fracture morphology 
to be treated with the PFN. The shaft of 
the nail safely prevents lateral displace- 
ment of the fragments. 

c) The fracture can also be fixed with the 
DHS. If the DHS is used, it should be 
combined with the trochanter stabilizing 
plate to prevent shaft medialization by 
lateral displacement of the fragments. The 
greater trochanter can additionally be 
fixed with small fragment screws through 
the plate and/or a tension band wire. 
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After a good internal fixation 
the patient should be 
mobilized within 1-2 days 
postoperatively. 


a) b) | 


Fig. 4.6.1-5: 

a) Reversed intertrochanteric fracture (A3.3). 

b) This fracture is preferably fixed with the PFN. 

c) Alternatively the DHS with an additional trochanter- 
stabilizing plate and a tension band wire can be used. 


It is possible that a patient with pre-existing 
symptomatic osteoarthritis can be managed 
with a total hip replacement. However, primary 
arthroplasty in trochanteric fractures is difficult 
and associated with a high rate of complica- 
tions. In most of these patients, initial internal 
fracture fixation is more appropriate. If the 
patient’s arthritis is symptomatic after the frac- 
ture has healed, an arthroplasty can be per- 
formed more easily than in a fresh fracture. 


2.3 Postoperative 
management 


After internal fixation, mobilization of the 
patient starts on the first postoperative day 
with walking in a walker or on crutches. 


d/e) The fracture can also be fixed with the DCS or a 
condylar plate. The DCS compression screw or the blade 
of the plate is placed high in the proximal fragment. The 
plates have to be put under tension. 


The rigidity of fixation should allow for almost 
full weight bearing since most elderly patients 
have difficulties with partial weight bearing. 
Fracture healing should be completed within 
3-5 months. 

If the implants are used correctly, they work 
properly even in the presence of marked osteo- 
porosis. If failure of fixation or loss of reduction 
occurs, the choice of how to proceed is related 
to the type of failure, the bone quality, the age, 
and the requirements and expectations of the 
patient. In younger patients revision of the 
internal fixation is considered if the femoral 
head still has good bone stock, intact cartilage, 
and good blood supply. In geriatric patients an 
arthroplasty is usually more appropriate. 


4.6.1 


3 Femoral neck fractures 
(31-B) 


3.1 General considerations 

Old age, vertigo, dementia, tumor malignancy, 
and cardiopulmonary disease, as well as high- 
energy injuries in the younger patient are all 
associated with an increased risk of femoral 
neck fracture. These fractures are intra- 
capsular, which adversely affects the blood 
supply to the femoral head (Fig. 4.6.1-6). The 
severity of the damage to the crucial lateral 
epiphyseal artery depends mainly on the extent 
of displacement of the fragments. Early ana- 
tomical reduction, as well as stable internal 
fixation of the fractures are associated with a 
lower rate of avascular necrosis of the femoral 
head [9, 10]. The increased intracapsular pres- 
sure from the fracture hematoma may occlude 
venous drainage of the capsular vessels and also 
decrease the arteriolar flow in the femoral neck. 
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The intracapsular hematoma may be evacuated 
via capsulotomy [10-13]. Open reduction and 
capsulotomy also facilitate anatomical reduction 
under direct vision. The capsule should be left 
open. The vitality of the head may be assessed 
intraoperatively by drilling holes with a 2 mm 
drill bit before reduction. If preservation of the 
femoral head of displaced fractures is con- 
sidered, internal fixation should be carried 
out as soon as the patient is medically 
stable. To enable follow-up MRI studies for 
femoral-head vitality, the use of titanium 
implants is advisable. 

In cases where immediate intervention is 
not possible, needle aspiration of the intra- 
articular hematoma may be performed. The hip 
should be kept in a semi-flexed and externally 
rotated position. Lateral or basicervical femoral 
neck fractures (B2.1) in children or elderly 
adults are partially extracapsular and the 
femoral head vitality may be jeopardized by the 
intracapsular hematoma rather than by the 
disruption of the blood supply to the head. 


Fig. 4.6.1-6: The blood supply of 


the femoral head. 


Most of the blood supply of the 
femoral head comes from the medial 


circumflex artery (1), which in the 
trochanteric fossa gives rise to three 
or four branches, the retinacular a 
vessels. These run posteriorly and | 
superiorly along the neck in a 2 
synovial reflection until they reach 

the cartilaginous border of the head. 

The obturator artery gives rise to the 

vessels within the ligamentum teres. 


An ascending branch of the lateral 


circumflex femoral artery (2) supplies a 


the greater trochanter and forms 


ventral 


circumflex artery. 


branches with the medial femoral 


dorsal 


Open reduction and internal 
fixation of neck fractures must 
be performed within hours 
after the injury. 


Femoral neck fractures are at 
risk due to the limited blood 


supply. 
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Femoral neck abduction 
fracture may be stable for non- 
operative treatment. 


Internal fixation is the 
treatment of choice for 
younger patients with high 
functional demands. 


3.2 Surgical treatment 


X-rays in two planes should be obtained in all 
cases. Retroversion of the head and posterior 
comminution can easily be evaluated by a cross- 
table lateral view. Undisplaced or valgus impac- 
tion subcapital fractures (B1), the so-called 
abduction fractures, may be stable enough 
for non-operative treatment. The stability of 
the fracture should be checked under image 
intensifier and regularly monitored thereafter. 
However, secondary displacement does occur 
and increases the risk of head necrosis. 
Therefore, internal fixation is strongly recom- 
mended for these fractures, particularly in 
younger individuals and active elderly patients. 

In unstable and displaced femoral neck frac- 
tures the choice of treatment depends mainly 
on the general and biological conditions of the 
patient. A reasonable treatment algorithm should 
address the age and the activity level, the bone 
density, additional diseases, the estimated life 
expectancy, and the compliance of the patient 
[10]. Patients who are less than 65 years old and 
do not have a chronic illness should have 
urgent open reduction and internal fixation if 
medically stable. Patients who are 75-80 years 
old should have prosthetic replacement. Inter- 
nal fixation is the treatment of choice for 
patients with high functional demands 
and a good bone stock. In those who have 
low functional demands, chronic illness, severe 
osteoporosis, or who are non-compliant, a bi- 
polar or total hip arthroplasty is recommended. 
Patients of any age with severe chronic illness 
or a limited life expectancy should be managed 
with a cemented prosthesis. With a life expec- 
tancy of less than lyear a unipolar prosthesis 
can be used. In general, the biological rather 
than the chronological age should determine 
the management. 


The same principles apply for polytrauma 
patients, where the fixation of a displaced 
femoral neck fracture must have a high priority 
in the management protocol. When a prosthetic 
replacement is indicated, this can be done 
within the first 24 hours after stabilizing the 
patient’s general condition to reduce postopera- 
tive morbidity. 

Closed reduction can usually be obtained 
with traction and internal rotation under image 
intensifier. In cases that do not reduce easily, 
repeated and vigorous attempts must be avoided 
and open reduction is indicated. With the patient 
in a supine position, a lateral approach to the 
hip is chosen and an anterior capsulotomy is 
performed. The femoral head, which is usually 
displaced posteriorly and inferiorly, is carefully 
disimpacted by additional abduction of the leg 
or by lateral traction with a bone hook. After 
reduction this is secured with one or two 2.0 mm 
K-wires. In young patients we aim for ana- 
tomical alignment of the fragments; in elderly 
patients with osteoporosis, however, the frac- 
tures may also be impacted in a slightly valgus 
position. Correct reduction is verified with the 
image intensifier in two planes. 

The crucial element for fracture fixation and 
the choice of implant is the quality of bone. Any 
fixation method used in these critical fractures 
should be safe and easy to apply. With regard 
to complications and outcome, the DHS has 
proved to be superior to fixation by screws only 
or by angled blade plates [14] (Fig. 4.6.1-7). To 
achieve rotational stability and good buttressing 
at the fracture site, an additional screw cranial 
to the DHS should be inserted, especially in case 
of marked dorsal fragmentation. An angled 
blade plate 130° may also be used, but the 
technique is more demanding because good 
fragment contact has to be obtained and 
fracture distraction must be avoided especially 
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a) 


Fig. 4.6.1-7: a) Displaced femoral neck fracture (31-B2.2). 
b) The fragments have been reduced and impacted with 
slight over-correction into valgus and without retro- 
version. Fixation with the DHS plate 135° and 4-hole side 
plate. Alternatively a 2-hole plate could have been used. 
An additional, cancellous bone screw was inserted in 
parallel to prevent rotation of the head fragment. The 
thread of this screw should engage fully in the head 
fragment. As some sintering of the fracture may occur 
during weight bearing, some backing out of the screws is 
possible. 

c) The same fracture can also be treated with an angled 
blade plate 130° with one or two screws. An additional 
cancellous bone screw may be inserted to increase the 
initial stability of the fixation, to close the fracture gap, 
and put it under compression already intraoperatively. 
The blade of the plate should be inserted into the lower 
half of the head. 


in the young patient with dense cancellous 
bone. An additional compression screw may be 
implanted to ensure good fragment contact 
from the outset. With good bone quality three 
7.0 or 7.3 mm cannulated cancellous bone screws 
can be used for fragment fixation (Fig. 4.6.1-8). 
These should be inserted parallel to each other 
with the help of the aiming device to allow for 
gliding and secondary impaction of the fracture. 


b) 


31-B2.2 


Fig. 4.6.1-8: A similar fracture treated with three large 
7.0 or 7.3 mm cancellous bone screws. The screws should 
run parallel and the threads of all screws must engage 
completely in the head fragment. Cannulated screws 
facilitate correct placement and may even be inserted 
percutaneously if closed reduction can be obtained. 
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Care must be taken that the threads of all three 
screws are placed well within the head frag- 
ment and do not cross the fracture line, as only 
then compression can be exerted. The screws 
must be tightened carefully and repeatedly 
during the procedure (Video A000087). (If a 
fracture table is used, traction must be released.) 
This procedure can also be performed per- 
cutaneously through stab incisions. 

In the rare instance of a vertical shear frac- 
ture that may be difficult to reduce, a valgus 
osteotomy and fixation with an angled blade 
plate 120° may be considered (Fig. 4.6.1-9). 
Although still controversial, if a femoral head 
arthroplasty is considered, a cemented bipolar 
prosthesis is preferable to a unipolar prosthesis 
because acetabular abrasion and the dislocation 
rate seems lower [10, 15]. In case of limited life 
expectancy, in debilitated patients or patients 
with minimum activity, the use of a unipolar 
prosthesis is recommended. For very active pa- 
tients with pre-existing osteoarthritis a total hip 
replacement is more appropriate (Fig. 4.6.1-10). 
In joint replacement after femoral neck 
fractures the posterior capsule should be 


ga Video A000087 


preserved in order to avoid secondary dis- 
location of the hip. 


3.3 Postoperative 
management 


Depending on the strength of fixation achieved, 
the patient can be mobilized within 24 hours 
with partial or full weight bearing. However, it 
should be kept in mind that in elderly patients 
partial weight bearing may be difficult. They 
need either reliable internal fixation or a pros- 
thetic replacement that allows for immediate 
full weight bearing. 


Fig. 4.6.1-9: In the presence of a vertical fracture plane, 
the shearing forces can be transformed into compressive 
forces by performing an intertrochanteric valgus osteo- 
tomy of some 30°-40° and fixation with the 120° double 
angled blade plate. 
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Fig. 4.6.1-10: In geriatric patients with dislocated 
femoral neck fractures and limited life 

expectancy a femoral head prosthesis, a 

bipolar prosthesis, or a total hip prosthesis 

are preferred treatment options. 


If failure of fixation or loss of reduction 
should occur, the choice of how to proceed is 
related to the type of failure, the bone quality, 
the age, and the requirements of the patient. In 
younger patients, revision of the internal fixation 
is considered if the head appears viable. With a 
non-union or varus deformity a valgus osteo- 
tomy may be indicated. In patients with poor 


bone quality and limited functional demands a 
bipolar or total hip arthroplasty is the procedure 
of choice. If a femoral head necrosis develops 
in younger patients and the area of head col- 
lapse involves less than 50% of the head, an 
intertrochanteric flexion osteotomy may pro- 
vide relief of pain and relatively good function. 
Hip fusion is an alternative, but is technically 
more difficult in the presence of avascular bone; 
total hip replacement may be a preferable 
solution. 


4 Femoral head fractures 
(31-C) 


4.1 General considerations 


A substantial force is required to produce a 
fracture of the femoral head. Traumatic hip 
joint dislocations or fracture dislocations are 
often associated. Therefore, femoral head or 
Pipkin fractures commonly represent just one 
aspect of a combined and most serious lesion of 
the hip joint. Additional fractures of the femoral 
neck and acetabulum are quite frequent. The 
injury mostly occurs in motor vehicle collisions 
and is often accompanied by multiple trauma 
or other injuries, in particular to the lower 
extremity. One plain AP x-ray of the pelvis is 
mandatory to rule out a dislocation or a fracture 
of the hip. If the hip is dislocated, reduction of 
the dislocated femoral head must be performed 
as urgently as the patient’s condition permits. 
This is best achieved under general anesthesia 
with muscle relaxation. If there is a femoral 
head fracture, primary open reduction with 
internal fixation is usually appropriate. After 
reduction, the joint stability has to be examined 
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Small fragments may be 
removed while larger ones 
must be reduced and fixed. 


and a standard AP view of the pelvis is taken 
under some axial load and with the legs slightly 
abducted. The width and congruency of the 
joint space are compared with the opposite side. 
On the injured side, interposed fragments, a 
torn and inverted labrum, or a folded ligamen- 
tum teres may cause the joint space to appear 
wider. Additional CT scans of the hip will permit 
assessment of impaction or flake fractures of the 
femoral head. Simultaneously, the reduction 
can be checked, loose bodies localized, and the 
acetabulum may be evaluated for a precise 
classification (see Fig. 4.6.1-1). Biplanar CT scan 
reconstructions can be especially helpful in 
demonstrating the femoral head alignment in 
the weight-bearing area and may reveal prog- 
nostically important bone bruises that cannot 
be diagnosed otherwise. 
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4.2 Surgical treatment 


Small fragments (< 1 cm?) below the round 
ligament do not need anatomical reduction 
unless they interfere with joint motion. If they 
do, small fragments may be removed while 
larger ones must be reduced and fixed with 
small fragment screws (Fig. 4.6.1-11). Since 
these fragments are usually still attached to the 
inferior joint capsule, care has to be taken to 
preserve this potential vascular supply during 
internal fixation. Surgery is clearly indicated in 
cases where loose fragments or soft tissues are 
interposed in the joint, otherwise rapid joint 
destruction will follow. Special attention has to 
be paid on CT scans to a (usually) small bone 
fragment within the fossa of the acetabulum. 
This fragment is often firmly attached to the 


Fig. 4.6.1-11: Split depression fracture (C2.3) of the femoral head. Elevation of impacted area, cancellous 
bone graft and transchondral screw fixation of the split fragment. 
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ligamentum teres, as it had been avulsed from 
the femoral head and therefore does not dis- 
locate into the true joint space. If no other 
indication for surgery exists, it can be left 
untouched. The position of this fragment in the 
fossa can easily be monitored by a CT scan after 
1 week. 

Osteochondral fragments cranial to the 
ligamentum teres are usually part of the 
weight-bearing surface of the femoral head 
(C1.3, C3.1), which makes anatomical reduc- 
tion mandatory. Even if apparently reduced 
after closed reduction, fragment instability 
usually persists, thus open reduction and inter- 
nal fixation is indicated. Taking care to preserve 
the vascular supply, the fragment is fixed with 
3.5 or 2.7 mm small fragment screws or with 
the 3.0 mm cannulated screw with a threaded 
washer system. The screw heads should be 
buried beneath the level of the cartilage. Any 
additional impaction fracture of the head can 
be elevated and the defect filled with auto- 
genous cancellous bone. The same procedure 
may be considered for fractures with significant 
depression (C2.1-C2.3). 

Split fractures combined with a femoral neck 
fracture (C3.2, C3.3) have the worst prognosis 
because in most of the cases the main fragment 
of the femoral head loses its vascular supply 
[16]. This combination is therefore best treated 
with a primary total joint replacement or, in 
selected cases, by an arthrodesis. Some infor- 
mation about the vascularity of the main head 
fragment may be obtained by making drill holes, 
which may produce bleeding. This test is, how- 
ever, unreliable. If there is hope that the vascular 
supply is still intact, the femoral neck fracture 
can be fixed with 6.5 or 7.0 mm cancellous 
bone screws before the head fracture is fixed. 
In young patients especially, the bias should be 
towards preserving the joint. Titanium implants 
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may be used to facilitate MRI follow-up studies 
for femoral head vitality [17]. 

The presence of an acetabular fracture deter- 
mines the further management according to the 
established principles of treatment for such 
injuries (see chapter 4.5). 

If needed, open reduction and internal 
fixation must be carried out as soon as the 
general condition of the patient permits. 
If the joint remains unstable after emergency 
reduction or if loose fragments are trapped 
within the joint space but immediate surgery is 
not yet possible, the leg must be put in femoral 
skeletal traction until surgery can be performed. 

Isolated split fractures of the head can be 
managed through an anterior or posterior 
approach to the hip joint. If a femoral neck or 
acetabular fracture needs to be fixed at the same 
time, the injury determines the choice of the 
surgical approach. The advantages of the ante- 
rior Smith-Petersen approach are a significant 
decrease in operative time and blood loss, as 
well as an improved exposure for the fixation 
of the small fragments. Through the anterior 
approach split fractures can be fixed directly 
with screws. The attachment of the fragments to 
the joint capsule or ligamentum teres can be pre- 
served. With the posterior Kocher-Langenbeck 
approach visual control of exact reduction is 
difficult and the fixation of the fragment usually 
has to be done indirectly if the vascularity is to 
be preserved. Any attempt at an anatomical frag- 
ment fixation through the posterior approach 
demands redislocation of the femoral head and 
detachment of the fragment from its capsular 
or ligamentous attachments. This, of course, 
destroys the remaining blood supply. However, 
according to some reports, the long-term results 
with the anterior approach may be poorer be- 
cause it provokes more heterotopic ossification 
compared to the posterior approach [18]. 


Type C femoral head fractures 
are emergencies. 


Osteochondral fragments 
cranial to the ligamentum 
teres are usually part of the 
weight-bearing surface, 
making anatomical reduction 
mandatory. 
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Fig. 4.6.1-12: 

a) Unstable intertrochan- 
teric A3 fracture with 
diaphyseal extension in a 
55-year-old woman after 
skiing accident. 

b) Postoperative views 
after emergency 
stabilization with long 
proximal femoral nail 
(PFN). Full weight 
bearing within 6 weeks 
and complete restitution 
of function. 

c) One year follow-up. 


The outcome of these injuries 
remains unpredictable even 


after anatomical joint 
restoration. 


Another option may be to fix minimally dis- 
placed split fractures with cannulated screws 
through a lateral approach or even percuta- 
neously. In these instances, CT-guided imaging 
techniques may prove indispensable. 


4.3 Postoperative 
management 


This includes early mobilization, CPM, partial 
weight bearing for 6—12 weeks, according to the 
type of injury, and administration of indo- 
methacin as prophylaxis of heterotopic ossi- 
fication [18]. In patients with a high risk of 
heterotopic ossification (e.g., a polytrauma 
patient with head injury plus anterior approach) 
an additional single dose of radiation to the hip 
may be considered. 


The outcome of these injuries remains 
unpredictable for the individual patient 
even after anatomical joint restoration. 
The incidence of posttraumatic arthrosis or 
avascular femoral head necrosis is determined 
by the initial damage caused to the cartilage and 
the subchondral bone by the impact of trauma. 
In severe impaction fractures of the femoral 
head or, if symptomatic partial head necrosis 
develops, intertrochanteric osteotomy may be 
indicated. In complete avascular head necrosis, 
or painful arthrosis, a total joint replacement 
or a hip arthrodesis are secondary treatment 
options. 
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Dankward Hontzsch 


ij) Diagnosis 


The diagnosis of femoral shaft fractures, includ- 
ing subtrochanteric fractures, is made straight- 
forward by the presence of such clinical signs 
as axial deviation, shortening, abnormal func- 
tion, and pain. 

An assessment of soft-tissue damage is an 
integrated part of every clinical examination. 
Open fractures are less common because of the 
dense soft-tissue cover. Lacerations of the muscle 
layers can be present and subcutaneous de- 
gloving injuries should not be overlooked despite 
an intact integument. Assessment of neuro- 
vascular functions is mandatory (see chapter 2.1). 

Standard x-ray examinations consist of views 
in two planes. Adjacent joints must be included 
so that ipsilateral fractures of the femoral neck 
or tibial head are not missed. A femur fracture 
in a young individual is always the consequence 
of a considerable trauma and may involve other 
injuries. More extensive examinations are 
required in the polytrauma patient or if con- 
comitant injuries to the pelvis, spine, or knee 
joint are suspected, since such additional 
injuries will affect the treatment concept [1] 
(see chapter 5.3). 


Femur: shaft (incl. subtrochanteric) 


2 Classification 
(Fig. 4.6.2-1) 


Classification must take the fracture and the soft- 
tissue damage into account (see chapter 1.4). 
In the AO Müller Classification the femoral 
shaft is identified by the number 32 [2]. This 
includes the subtrochanteric region (distal to 
lesser trochanter) and extends to the supra- 
condylar area. 


3 Anatomy 


The greater trochanter, the lateral femoral con- 
dyle, the patella, and the knee-joint space are 
the main landmarks of the femur. The most 
important soft-tissue structures on the 
lateral aspect are the fascia lata, the ilio- 
tibial tract, and the vastus lateralis muscle; 
these act as tension band. Depending on the 
choice of operative approach, the vastus lateralis 
muscle is retracted ventrally away from the linea 
aspera or is just gently elevated and “tunneled” 
for minimally invasive fixation techniques. 

In most indirect procedures additional land- 
marks on the pelvis and tibia are important in 
order to evaluate the axis, rotation, and length 
of the limb. In complex fractures the contra- 
lateral limb should be draped for intraoperative 
comparison. 


32-A2 32-B2 32-C2 


Fig. 4.6.2-1: AO Miller Classification 


Iliotibial tract and fascia lata 
act as tension band. 
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Main goals: correct length and 
rotation as well as axial 
alignment. 


Rotation is easier to evaluate if 
the hip and knee joints are 
draped so that they can be 
bent to at least 60° during the 
operation. 


4 Preoperative planning 


Preoperative planning is not efficient for simple 
fractures, but complex patterns require careful 
analysis. Good x-rays in two planes are needed. 
Fractures in the proximal shaft or in the sub- 
trochanteric region are often highly unstable 
and painful. It is recommended to take lateral 
x-rays from the opposite side by flexing the 
intact hip joint to 90° and directing the x-ray 
beam horizontally. For femoral shaft and 
proximal femoral fractures, which are to be 
fixed by intramedullary nailing, good imaging 
of the pelvis and proximal end of the bone are 
essential to exclude hidden fractures in the 
trochanteric/femoral neck region. Once good 
X-rays are available preoperative planning can 
start (see chapter 2.4). In complex fractures it 
may be helpful to have an AP x-ray of the contra- 
lateral side for comparison. 


Correct length and axial alignment (ante- 
recurvatum deformity, varus and valgus, as 
well as rotation) are the principal objectives. 
In simple fractures, more or less anatomical 
reduction will guarantee correct length. Varus, 
valgus, and ante-recurvation have to be assessed 
radiographically and clinically (see chapter 3.3.1). 

Rotation is easier to evaluate if the hip 
and knee joints are draped so that they can 
be bent to at least 60° during the operation. 


Fig. 4.6.2-2: Possible positioning for osteosynthesis of 
femoral shaft and subtrochanteric fractures. 

a) Normal supine position. 

b) Lateral decubitus on the normal table for intramedullary 
nailing (rare today). 

c) Fracture table for intramedullary nailing of shaft and 
proximal femoral fracture in the supine position. 

d) Position on the fracture table for nailing in lateral 
decubitus (more complicated). 


c) 
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4.1 Positioning and 
reduction 


Depending on the preference and experience of 
the surgeon, the patient is operated on an 
ordinary radiolucent table or on a fracture table 
in supine or lateral position. For intramedullary 
nailing the proximal end of the femur must be 
reached by the image intensifier in two planes 
(Fig. 4.6.2-2). 

Closed reduction of femoral shaft fractures 
can be achieved by manual traction or dis- 
traction using the fracture table or distractor 
(Fig. 4.6.2-3). With the distactor, and depending 
on the level of the fracture, abduction or 
adduction may be applied relatively simply. In 
intramedullary nailing a short nail may be used 
as a “joystick” to manipulate the proximal frag- 
ment (see chapter 3.3.1). Complex fractures can 
be reduced by ligamentotaxis. 


Fig. 4.6.2-3: Application of the distractor in femoral shaft 
fractures with well-placed Schanz screws, especially on 
the distal and proximal sides. 

a) “Dummy nail” with handle for joystick reduction 
maneuvers or to mount aiming device for Schanz screw 
insertion. 

b) The proximal Schanz screw is inserted with the help of 
a special aiming device for later nailing, so as not to 
interfere with the nail. The cross-section demonstrates that 
with this technique the femoral neurovascular structures 
are not violated. 

c) The two Schanz screws for the distractor may also be 
placed in the same frontal plane. 


4.2 Approaches 


For antegrade femoral nailing, a relatively small 
(3-5 cm) longitudinal incision placed approxi- 
mately 12-15 cm proximal to the tip of the greater 
trochanter is usually sufficient (see Fig. 3.3.1-3 
and Video 3.3.1-3). The exact entry point—which 
varies according to the nail designs—can be 
exposed by blunt dissection down to the tip of 


b) 
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the greater trochanter (Fig. 4.6.2-4). For con- 

ventional antegrade locked nailing of mid-third 

and distal diaphyseal fractures, it is important 

to use flouroscopy to align the proximal starting a) 

point in two planes with the medullary canal 

of the femur. — 
For open plating the skin incision lies on the 

lateral side of the thigh between the greater 

trochanter and the lateral femoral condyle. The 

fascia lata is split, the vastus lateralis muscle is 

retracted along the intermuscular septum down 

to the linea aspera and the perforating vessels 

are preserved if possible (Fig. 4.6.2-5). 


b) 


medial 


lateral 


~ 
T Fig. 4.6.2-5: 
a) The standard approach to the femoral shaft is by 
a straight incision on the lateral side of the thigh. 
Fig. 4.6.2-4: Proximal approach to the greater trochanter b) Deep dissection follows the intermuscular 
in the line of the medullary canal. Usually a short (3-5 cm) septum down to the linea aspera. We expose as 
incision 8-10 cm proximal to the tip of the greater little bone as is required for plate placement in 


trochanter is sufficient. order to preserve the vacularitity of the fragments. 
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For plating with less invasive exposures the 
plate entry point is usually at the lateral femoral 
condyle, where a 3-5 cm long incision is placed 
anterolaterally. Once the fracture has been 
indirectly reduced (femoral distractor), the sub- 
muscular route for plate insertion along the 
shaft of the femur is prepared with an elevator. 
Fixation screws are introduced via small separate 
incisions. 


4.3 Choice of implant 


The choice of implant depends on a number of 
factors: 
e Fracture location and configuration. 
e Size of the medullary canal, presence of 
other implants (prosthesis). 
e  Soft-tissue conditions (see chapter 1.5). 
e Condition of the patient (polytrauma, 
ISS, see chapters 2.1 and 5.3). 
e Personal experience and preference. 
e Availability of implants, instruments, 
and intraoperative imaging. 


For subtrochanteric fractures, the choice is 
between condylar plates, dynamic condylar 
screws (DCS), proximal femoral nails (PFN) [3], 
and solid femoral nails (UFN) using the spiral 
blade device [4]. Diaphyseal fractures are the 
domain of intramedullary nailing [5, 6]. Simple 
fractures (type A and B) of the mid-third are 
preferably fixed with the universal or the new 
cannulated nail after reaming of the canal and 
with interlocking technique [5], while complex 
type C fractures and fractures of the proximal 
and distal third may be stabilized with the solid 
or cannulated intramedullary nail. In the rare 
event of plating of the femur we use the broad 
LC-DCP 4.5, the long condylar plates, or the 
dynamic condylar screw (Fig 4.6.2-6). 


In case of severe soft-tissue injury, whether 
open or closed [2, 7, 8], external fixation or 
unreamed or minimally reamed intramedullary 
nailing are recommended. As the external fixa- 
tor causes the least local and systemic inter- 
ference, it is recommended for fracture fixation 
in the severely polytraumatized patient with an 
ISS greater than 40 (see chapter 5.3). Due to the 
risk of pin-track infection, conversion to a more 
stable internal fixation device should be per- 
formed within 1-2 weeks. 


a) 
Fig. 4.6.2-6: Four options for stabilizing a subtrochanteric fracture: 
a) 95° angled blade plate, with anatomical reconstruction and rigid 
fixation. 
b) Dynamic condylar screw (DCS) bridging the complex fracture 
area. The side plate can be introduced with a tunneling technique. 
c) Femoral nail with spiral blade (UFN). 
d) Proximal femoral nail (PFN) introduced from the tip of the 
trochanter gives a very stable construct. 
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Reduce simple fractures 
anatomically and fix rigidly; 
complex fractures are aligned 
and bridged. 


5 Surgical treatment— 
tricks and hints 


5.1 Plate osteosynthesis for 
subtrochanteric fractures 


Today, indirect reduction procedures and less 
invasive operative techniques are preferred 
because these methods cause less damage to the 
blood supply to the fragments and thus con- 
tribute positively to the healing process. Bone 
grafting, even in complex multifragmented 
fractures, will rarely be needed [9]. 

The advantages, disadvantages, and technical 
feasibility must be carefully evaluated. In either 
case, simple fractures can be anatomically 
reduced and stably fixed by the principles 
of absolute stability with interfragmen- 
tary compression. The multifragmentary 
fracture is best handled by indirect reduc- 
tion and bridge plating. If in doubt, leave the 
lag screw out. The position of the blade for the 
condylar plate is prepared with the seating 
chisel. The position of the DCS compression 
screw is prepared with a special guide wire (see 
chapter 4.6.1). 

In either case, the position is checked on the 
image intensifier in anteroposterior and lateral 
views. Axial monitoring is achieved either with 
the laterally placed image intensifier or the 
Lauenstein technique. Once the seating chisel 
and/or guide wire has been correctly posi- 
tioned, the next steps can start, for example, 
length measurement of the condylar plate, 
insertion of the condylar blade, and preparation 
of the path for the dynamic compression screw 
using the special reamer. 


Although bridge plating with minimal access 
can be done with the mentioned plates, a new 
device, the LISS (less invasive stabilization 
system), has been developed, featuring screws 
that are locked in a plate at a fixed angle (see 
chapter 3.4). 

Alternatively, subtrochanteric fractures can 
be treated with the proximal femoral nail (PFN) 
(Video AO20173B), but also with the solid femoral 
nail (UFN) with a spiral blade [10] (Video A020154) 
(see chapter 3.3.1). The PEN is most suitable in 
unstable fracture patterns or in case of poor 
bone stock (see chapter 4.6.1, Fig. 4.6.1-5b). 


ar Video A020173B 
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5.2 Diaphyseal fractures 


The femoral shaft is the domain of the intra- 
medullary nail with or without reaming of the 
medullary cavity (Fig. 4.6.2-7a) (see chapter 3.3.1). 
The solid femoral nail can be applied in 
conventional or in locking technique. The un- 
reamed femoral nail must always be locked 
proximally and distally (Video AQ20153a/b). 


a) 
32-C3.3 32-C3.3 


Fig. 4.6.2-7: 

a) For complex, multifragmented diaphyseal fractures 
of the femur, the locked intramedullary nail reamed, 
unreamed, or cannulated is the implant of choice. 

b) If for any reason nailing cannot be performed, a 
bridge plate (broad DCP 4.5 or broad LC-DCP 4.5) can 


be used—preferably after indirect reduction and using 
the tunneling technique. o Video A020153b 
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Physiotherapy must start 
immediately. 


In addition to nailing of femoral shaft frac- 
tures, plate osteosynthesis is also utilized for 
special indications, for example, ipsilateral femoral 
shaft and femoral neck fractures, polytrauma, 
and correction osteotomy. Plate osteosynthesis 
can be performed as an open or semi-closed 
technique (Fig. 4.6.2-7b) (see chapter 3.3.2). 


6 Aftercare 


After internal fixation of the proximal femur, 
the hip joint should be kept extended to prevent 
flexion contractures while, following fixation of 
a diaphyseal fracture, a 90°-90° position may 
be helpful to prevent contracture and facilitate 
knee motion. After osteosynthesis of the distal 
femur, flexion of the knee joint between 30-60° 
on a CPM-machine is advantageous and will 
ease later mobilization (see also chapter 5.7). 

Physiotherapy should start immediately, 
no later than on the second postoperative 
day. 

Ambulation is generally started after a few 
days, depending on the overall condition of the 
patient, concomitant injuries, and patient 
compliance. Partial weight bearing (10-15 kg) 
should be possible in practically all situations, 
provided the patient can follow instructions. 
Increasing the load depends on the fracture 
pattern and the type of fixation and must be 
prescribed by the surgeon on an individual 
basis. 


7 Pitfalls and 
complications 


7.1 Intraoperative 
intramedullary nailing 


The pitfalls and complications of intramedullary 
nailing are described in detail in chapter 3.3.1. 
The nail entry point at the greater trochanter 
is crucial, especially for proximal or subtro- 
chanteric fractures. The instructions for the 
different nail types and designs must be care- 
fully studied and followed. Special attention in 
nailing must also be given to the correct rota- 
tional alignment of the fragments, as wrong 
alignment is probably the most frequent cause 
of malposition or malunion. 


7.2 Plate fixation 


In open plating the biggest danger lies in the 
devitalization of fracture fragments by attempts 
at anatomical reduction. Only simple fractures 
should be reduced precisely and fixed rigidly by 
interfragmentary compression (see chapter 
3.2.2). In all other, and especially in complex 
situations, the fracture focus should be left 
untouched and bridged by a long plate [11]. The 
biggest challenge in subtrochanteric fractures is 
fatiguing of the plate, especially if there is no 
medial buttress within the bone. Bone grafting 
may become necessary to win the race between 
fracture healing and implant failure. 
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7.3 External fixator 


As exact alignment of the Schanz screws is 
rather difficult in the femur, the modular 
technique with three tubes and the tube-to- 
tube connecting clamps should be used in order 
to facilitate reduction of the fracture. This also 
allows easy adjustments at a later time, for 
example, in a polytraumatized patient. For 
temporary fixation, such as in polytrauma, pin 
placement must respect a likely secondary 
procedure. Even in a more definitive appli- 
cation of an external fixator it is important not 
to violate the vastus lateralis muscle. In the 
laiter situation the pin should be inserted 
laterally from posterior to anterior in the plane 
of the intermuscular septum (Fig 4.6.2-8) (see 
chapter 3.3.3). 


lateral 
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Fig. 4.6.2-9: a) Shattered proximal two thirds of left femur in 
a 22-year-old male after car accident. Acute compartment 
syndrom of thigh requiring extensive lateral release. 

b) Postoperative view after minimally invasive bridge plating 
with longest available DHS. No attempt was made to reduce 
the fragments. Axial alignment by clinical judgement. Two 
weeks later closure of iliotibial tract and skin incision. 
Uneventful recovery with full weight bearing after 3 months. 
c) X-ray follow-up 2 years after the injury and shortly after 
plate removal. 


medial 


Fig. 4.6.2-8: Placement of Schanz screws in femoral 
fractures fixed with external fixator: 

For temporary fixation there will be little interference for 
later plating. Definitive treatment with an external fixator, 
for example, in children. The Schanz screws must be 
introduced from posterolateral along the intermuscular 
septum so as not to interfere with muscle movement. 
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Fig. 4.6.2-10: a) Bilateral femur 
fractures in an 18-year-old male 
after motorbike accident. 

The right side shows a C3 
subtrochanteric fracture, on the 
left we see an A2 shaft fracture. 
Both femura were stabilized 
shortly after the injury by locked 
unreamed nails (UFNs). 

b) Postoperative views of the 
right subtrochanteric fracture 
after closed nailing with static 
locking. 

c) Right side at 5 months. The 
patient was back to work as an 
apprentice laborer—no pain or 
limitations. 

d) Postoperative views of the left 
femur. 

e) 5-months follow-up of left 
side—well healed. 


1. 
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Femur: distal 


Lothar Kinzl 


1 Introduction 


Fractures of the distal femur represent only 
6% of all femoral fractures. They typically 
occur after high-energy trauma in younger 
patients, as well as in the elderly with osteo- 
porotic bone. One third of the younger patients 
are polytraumatized and in only one fifth of the 
cases do distal fractures occur as an isolated 
injury. 

There is usually considerable soft-tissue 
damage and almost one half of the intra- 
articular fractures are open injuries. 


2 Anatomical 
characteristics 


In addition to the articular capsule, the inser- 
tions of tendons and ligaments at the femoral 
condyles contribute to the function and stability 
of the knee joint as a complex system of force 
transmission. 

The gastrocnemius muscle originates at the 
back of the femoral condyles; the cruciate liga- 
ments are located in the central notch, and the 
tendon of the popliteus muscle inserts at the 


lateral condyle. The joint capsule and the strong 
collateral ligaments originate on the femoral 
condyles. 

Due to the close proximity of neurovascular 
structures, vascular lesions are found in about 
3% and nerve injuries in about 1% of distal 
femoral fractures. 

Lesions of the menisci and osteochondral 
fractures can be observed in 8-12%, while 
there are associated fractures of the patella in 
approximately 15%. 


3 Clinical findings and 
diagnostic tools 


Usually, the diagnosis of a distal femoral 
fracture can be made clinically. Careful 
examination of the neurovascular status is 
essential. It may be necessary to verify the 
patency of the popliteal artery with a Doppler 
ultrasound or, more accurately, by angiography. 
If a compartment syndrome is suspected, early 
measurement of the compartment pressure is 
advisable. 


Fractures of distal femur are 
rare, however, they often have 
considerable associated 
injuries. 
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33-A2 33-B3 33-C2 


Fig. 4.6.3-1: AO Müller Classification. 

A2 Extra-articular fracture, 
metaphyseal wedge 

B3 Partial articular fracture, 
frontal (“Hoffa” fracture) 

C2 Complete articular fracture, 
bicondylar fracture with supra- 
condylar comminution 


Standard treatment consists of 
operative reduction and 
fixation of the fracture. 


When the knee joint is fully 
extended, the pull of the 
gastrocnemius muscle on the 
one hand, and of the abductor 
magnus muscle on the other, 
leads to recurvation and 
shortening. 


Examination of the stability of ligamentous 
structures prior to osteosynthesis is usually 
quite painful and not reliable. It should be done 
under anesthesia prior to surgery, and again 
after the fracture has been stabilized. 

If multiple injuries of the lower extremity 
are suspected, AP and lateral x-rays of both 
femur and tibia must be taken as well as focused 
views of the knee joint. CT scans or MRI, as well 
as 3-D reconstructions, offer additional infor- 
mation but are rarely essential. 


3.1 Classification of 
fractures 


The fractures are classified as (Fig. 4.6.3-1): 
e xtra-articular fractures (type A) 
e Partial articular fractures (type B) 
e Complete articular fractures (type C) 
(see chapter 1.4) 


4 Principles of operative 
treatment 


Standard treatment consists of operative 
reduction and fixation of the fracture. Con- 
servative treatment is only justified in impacted 
undisplaced extra-articular distal femoral frac- 
tures or in patients who are deemed inoperable. 
The aims of operative treatment are: 
e Anatomical reconstruction of the 
articular surfaces, 
e Restoration of rotational and axial 
alignment, 
e Stable fixation of the condyles to the 
shaft of the femur, 
e Early functional aftercare. 


The traditional concept of internal fixation, 
which requires an extended approach to the 
fracture zone, is presently being challenged by 
a more biological, atraumatic approach with 
careful handling of the soft-tissue envelope. 
However, it is still mandatory to make a precise 
reconstruction of the anatomy of the condyles; 
this requires a direct view into the knee joint 
through an appropriate exposure. 


4.1 Timing of the operation 


In isolated injuries definitive treatment is indi- 
cated as soon as clinically feasible. In poly- 
trauma patients the early stabilization of all 
long-bone fractures is decisive to provide the 
conditions for successful intensive-care manage- 
ment (see chapter 5.3). 

In open fractures with severe soft-tissue 
damage, or under conditions that prevent an 
early definitive operation (e.g., polytrauma), 
transarticular bridging external fixation is a 
quick and effective method of stabilizing these 
injuries. 


4.2 Operative technique 


4.2.1 Positioning and reduction 

Anatomical reduction of the articular fracture 
with adequate restoration of length and align- 
ment must be achieved before internal fixation. 
When the knee joint is fully extended, the 
pull of the gastrocnemius muscle on the one 
hand, and of the abductor magnus muscle 
on the other, leads to recurvation and short- 
ening. With the knee flexed at approximately 
60° over a knee support this malalignment of 
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the distal femur can be corrected (Fig. 4.6.3-2). 


A S The shortening is best approached by manual 

P traction or with a distractor. In case of extensive 
2 : 34 fragmentation, restoration of anatomy may be 
E) 3 extremely difficult. Careful planning, using the 


contralateral side, is helpful. In some instances 
it may be useful to accept some shortening, 
particularly in osteopenic bone and complex 
fractures where impacted metaphyseal frag- 
ments are preferable to exact length. To facili- 
tate reduction, Schanz screws can be anchored 


Fig. 4.6.3-2: Positioning of the leg during reduction and in larger fragments (joystick technique). 
operation of the distal femoral fracture. 


Fig. 4.6.3-3: Lateral approaches to the distal 
femur. 

a) Incision of skin and fascia. 

b) Minimal detachment of the vastus lateralis 
muscle. Avoid denuding the bone! 


b) 
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4.2.2 Approaches 


The standard lateral approach (Fig. 4.6.3-3) sim- 
plifies anatomical reduction of the shaft and 
metaphyseal area, with the disadvantage of 
extensive soft-tissue exposure and stripping of 
fragments. 

In case of intra-articular fragmentation, 
where exact reconstruction of the joint con- 
gruity is mandatory, additional small medial or 
lateral parapatellar incisions may be helpful. As 
an alternative, a more anterior parapatellar 


a) 


Fig. 4.6.3-4: 

Lateral parapatellar approach. 

a) Skin incision. 

b) Exposure of the femoral condyles 
by pulling the patella medially. 


approach (Fig. 4.6.3-4a/b) has been described 
[1]. By pulling the patella medially, the recon- 
struction of the condylar components is facili- 
tated. This incision may also be used for the 
submuscular introduction of a long bridging 
side plate—DCS (dynamic condylar screw) or 
LISS (less invasive stabilization system). The 
approach with detachment of the patellar liga- 
ment at the tibial tuberosity or patellar tendon 
Z-plasty should only be used in exceptional 
circumstances. Open fractures often have 
insufficient soft-tissue cover. If a tension-free 
closure of the defect is not feasible, secondary 
contamination of the wound must be avoided 
by using a skin substitute and early local or free 
flaps (see chapters 5.1 and 5.2). 
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4.3 Special fixation 
techniques and implants 


The principle in treating intra-articular distal 
femur fractures lies in the reduction of the 
joint fragments under direct vision [1, 2] (see 
chapter 2.3). After temporary stabilization with 
K-wires (Fig. 4.6.3-5), fixation is achieved either 
by compressing the fragments with lag screws 
(usually 6.5 mm cancellous bone screws), or by 
bridging the defect with cortex screws (without 
lagging). The subsequent fixation of the articular 
block to the distal femur is done with additional 
implants, depending on the type of fracture. 


Fig. 4.6.3-5: Intra-articular distal femur fractures. 

a) AP view of the intra-articular 33-C1 fracture of the femoral 

condyles, reduction, and temporary fixation with K-wires. 

a’) The guide wire A for the DCS runs parallel to the joint line. c) 

b) Frontal view of the definitive lag screw fixation of the 

articular fragments. The distal femur in cross section is a 

trapezoid. The anterior and posterior surfaces are not 

parallel and the medial and lateral walls are inclined. The i 
guide wire for the DCS or blade plate enters the condyles 
anteriorly and runs in a posterior direction and must be ps cm 2 cm 
at a right angle to the lateral condylar wall. Ii 

c) The position of the lag screws (one or two) and their l i l l l 
washers must not interfere with the windows for the blade 1/2 1/2 2/3 1/3 

plate or DCS. These windows are in the middle third of the 

anterior half of the distal femur. The window of the condylar 

plate is 1.5 cm and the window for the DCS 2 cm proximal to 

the joint line. 
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The condylar plate 95° and the 
DCS have proven to be reliable 
and effective. 


4.3.1 Screw fixation 

Large and small screws, which can be solid or 
cannulated, are used for the reconstruction of 
the articular block at the condyles. Except for 
type B fractures, the stability of the fixation 
must be increased by a plate with buttress 
function (Fig. 4.6.3-6). 

In type B fractures it may be possible to 
insert the screws through small stab incisions 
or under arthroscopic control; for reconstruc- 
tion of complex intra-articular fractures a formal 
arthrotomy is usually required. 


4.3.2 Condylar plate/dynamic 
condylar screw (DCS) 


In the treatment of complex extra-articular frac- 
tures (33-A fractures, and simple intra-articular 
fractures (type C1.2) the classical implants, the 
condylar plate 95° (Video A000051), and the 
DCS have proven to be reliable and effec- 
tive. Thanks to the step-by-step assembly, the 


Fig. 4.6.3-6: Screw fixation 
of 33-B fractures 

a) B1 fracture with small 
condylar fragments: 

two 6.5 mm cancellous 
bone screws. 

b) B2 fracture with larger 
fragment and buttress 
(anti-glide) plate fixation 
(here T-plate 4.5). 

c) B3 “Hoffa” fracture 
(frontal plane) fixed with 
two 6.5 or 4.0 mm 
cancellous bone screws. 


33-B1 


DCS (Video A020155) is somewhat less de- 
manding than the condylar plate and can be 
implanted with minimal soft-tissue exposure 
[3]. 

After reduction of the articular fragments, 
the condylar screw is inserted over a correctly 
placed guide pin under fluoroscopic control 
(Fig. 4.6.3-7). The side plate can then be slid 
underneath the vastus lateralis muscle along 
the linea aspera of the femur. With the impactor 
the side plate is seated against the shaft of the 
bone and then locked to the condylar screw. To 
fix the plate to the femur, a short incision has 
to be made at its proximal end. 

It is possible, but more demanding, to insert 
the condylar plate in a similar fashion using 
longer incisions and reflecting the vastus 
lateralis (Video A020194). After the implant is 
inserted with the blade parallel to the joint line, 
it is fixed to the distal femur, maintaining correct 
frontal and sagittal alignment. Additional stabi- 
lity of the blade can be achieved if cancellous 
bone screws are inserted through the plate into 
the condyles (Fig. 4.6.3-8). 


33-B2 33-B3 
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Fig. 4.6.3-7: DCS fixation with minimal exposure. 

a) After reduction of the condylar fragments, the DCS is 
inserted over the correctly placed guide wire. 

b) Through the limited surgical approach the side plate of 
the DCS is passed submuscularly along the linea aspera 
of the femur. 

c) The side plate is turned 180° and the barrel is slipped 
on to the DCS. 

d) If it is difficult to reconnect the plate to the screw, 
cutting the protruding guide wire to 1/3 of its length and 
placing the barrel over it and then reattaching the 
threaded plate guide will correct plate rotation to allow it 
to seat. 

d) After correct alignment to the femoral shaft, cortex 
screws are inserted through the plate via short incisions. 
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The condylar buttress plate is 
the preferred implant for 
complex fractures (33-C3) 
with additional fracture lines in 
the frontal plane 


UDUENULEUNULLNTOR? 


AANNURARNATUSTUNTURTLR: 


4.3.3 Condylar buttress plate 


The condylar buttress plate is the preferred 
implant for complex fractures (33-C3) with 
additional fracture lines in the frontal 
plane [4-6]. Compared to the condylar plate 
and the DCS, this plate offers the advantages of 
individual placement of screws over a wide area 
and of buttressing of the lateral femoral 
condyle. If the correct level is chosen for fixa- 
tion of the plate to the distal femur, the large, 
tongue-shaped and prebent head of the plate 
usually does not need additional contouring 
(Fig. 4.6.3-9). Since there is no angular stability 
between the screws and the plate, it may be 
difficult to control varus malalignment if the 
medial bony buttress is absent. To overcome this 
problem the use of a medial plate may be neces- 


Fig. 4.6.3-8: Condylar plate fixation. 

a) Insertion of the seating chisel parallel to the 
joint line and to the correctly orientated K-wire. 
The intra-articular fracture has to be fixed prior 
to this by one or two lag screws. 

b) Position of the lag screws and the seating 
chisel in the femoral condyles, as viewed in 
horizontal plane. 

c) The supracondylar fracture has been 
reduced to the plate. Plate fixation to the 
femur with cortex screws. In transverse 
supracondylar fractures, axial compression 
should be applied using the tension device. 
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Fig. 4.6.3-9: Complex distal femur fracture (33-C3). 
a) Condylar buttress plate with 6.5 mm cancellous bone 0 | 
screws. If there is no bony support opposite to the plate, 

varus deformity may arise. = 

b) Condylar fractures in the frontal plane have to be fixed 

by separate screws (6.5 or 4.0 mm). 


sary. This is usually done as a staged process and 
bone grafting may be required because of the 
soft-tissue dissection medially. The angular 
stability produced by the newly designed LISS 
internal fixator (chapter 3.4) may help to 
overcome this problem. 


4.3.4 Retrograde nailing 


Retrograde nailing is suitable for extra-articular Fig- 4-6.3-10: Simple distal _ 

(33-A) and sometimes also for simple articular pc nae eae with 

fractures (33-C1, 33-C2) [1, 7-9]. Under fluor- a) The medullary canal is open 

oscopic guidance, with the knee flexed, a medial anterior to the condylar notch 

parapatellar arthrotomy is used to gain transar- and reamed over a guide wire. 

ticular access [10]. The medullary canal is opened _) Insertion of the retrograde 

just anterior to the notch (caveat cruciate ligament "ai! (DFN), using the insertion ©) 
ae d the slightly b lid distal f l handle, over the guide wire. 

origin), and the slightly bent solid distal femoral.) Drilling of the hole for the 

nail (DFN) is inserted into the medullary cavity distal locking screw with fixed 


with the mounted aiming device (Fig. 4.6.3-10). aiming device. 
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To prevent misplacement of the interlocking 
bolts, locking is done from distal to proximal. 
If necessary, it is possible to adapt the distal to 
the proximal fragment by careful axial com- 
pression. Due to its axial and bending stability, 
the locked intramedullary nail, unlike the blade 
plate or DCS, provides adequate long-term 
stability without additional bone grafting, even 
in multifragmentary supracondylar fractures 
[11, 12]. 

On the other hand, the correct alignment of 
intra-articular fragments may be hazardous. 


4.3.5 External fixation 


The indications for temporary joint bridging 
external fixation are polytrauma patients, open 
fractures, or closed fractures with severe soft- 
tissue damage. If possible, the articular block is 
reconstructed with minimal internal fixation 
using conventional or cannulated lag screws. 
Then the joint bridging external fixator is mounted 
with Schanz screws, which are inserted laterally 
in the femur and anteromedially in the tibia. Both 
elements are then connected in a tube-to-tube 
fashion (Fig. 4.6.3-11), thus providing sufficient 
stability until definitive treatment is feasible. 


5 Additional treatment 


Cancellous bone grafting is seldom necessary 
as long as the metaphyseal fracture has not 
been exposed and devitalized during surgery 
(indirect reduction technique and biological 
fracture bridging). However, bone grafting is 
indicated to stimulate new bone formation in 
larger defects or to provide stability within a 
comminuted condyle. Exceptionally, bone cement 
may be applied to provide implant purchase in 
very osteopenic bone. 


Fig. 4.6.3-11: Temporary external fixation bridging the 
knee joint with tube-to-tube fixator. Insertion of the 
Schanz screws at the femur laterally and at the tibia 
anteromedially. Flexion of the knee joint approx. 20°. The 
articular block is fixed by lag screws only. 


Concomitant lesions of the medial, lateral, 
and cruciate ligaments are rarely encountered. 
If present, they should be treated primarily, 
because secondary interventions to the liga- 
mentous structures seldom yield a good result 
in this situation. 


6 Complications 


Axial and rotational malalignment are typical 
problems observed while treating distal femoral 
fractures. 

Due to the pull of the gastrocnemius and the 
adductor magnus muscles there is a risk of genu 
recurvatum with subsequent hyperextension 
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and laxity of the knee joint. Flexion of the knee 
during surgery can help to prevent this. 

Varus malalignment and malrotation are en- 
countered more frequently after fixation with 
the condylar plate, or DCS, than with buttress 
plates. If the insertion point of the blade (or 
DCS) is too far posterior, the condylar block 
is shifted medially, which invariably produces 
a varus deformity. 

The use of the retrograde nail seems to cause 
such problems less often, because insertion of 
the implant requires the knee to be flexed with 
the lower leg hanging down. This positioning 
can lead to a partial “self-reduction” of the 
fracture. However, very few intra-articular frac- 
tures are suitable for nailing! 


The indication for a corrective osteotomy 
depends on the degree of malalignment and the 
severity of symptoms. Valgus/varus-malalignment 
greater than 10° and/or rotational deformity 
greater than 15° should be corrected. f E 
If the insertion point of the 
blade (or DCS) is too far 
posterior, the condylar block is 
shifted medially. 


Fig. 4.6.3-12: 36-year-old male with a 33-C3 fracture 
after motorbike accident. 

a) Preoperative condition. 

b) Postoperative control after reconstruction with 
condylar plate and 6.5 mm cancellous bone screws. 

c) 4 month follow-up with satisfactory functional result. 
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Patella 


Michael Nerlich @ Bernhard Weigel 


1 Assessment of fractures 
and soft tissues 


1.1 Anatomy 


The patella is the largest sesamoid bone in the 
human body. It is located in the extensor appa- 
ratus of the knee. Anatomical features include 
the cranial base and the extra-articular caudal 
apex as well as the anterior extra-articular and 
the posterior articular surfaces. The rectus fe- 
moris and intermedius muscles insert at the 
base and the vastus medialis and lateralis muscles 
on either side. The patellar tendon originates 
from the apex patellae and inserts at the tibial 
tuberosity. 


1.2 History and examination 


Patellar fractures make up about 1% of all frac- 
tures [1] and are mostly caused by direct trauma 
to the front of the knee, for example, a fall from 
a height, a direct fall, or a blow, usually onto 
the flexed knee. Bony avulsions of the adjacent 
tendons are caused by indirect forces. 


Typical signs are swelling, tenderness, and 
limited or lost function, especially of the ex- 
tensor mechanism. Preservation of active 
knee extension does not rule out a patellar 
fracture if “the auxiliary extensors of the 
knee” [2] are intact. If displacement is signi- 
ficant, the physician can palpate a defect be- 
tween the fragments. Usually a hemarthrosis is 
present. The examination must include eval- 
uation of the soft tissues, so as not to overlook 
an injury to the patellar bursa or to omit grading 
the injury if the fracture is open. 


1.3 X-ray evaluation 


In addition to the standard x-rays of the knee 
in two planes, a tangential view of the patella 
may be useful. In the AP view the patella norm- 
ally projects into the midline of the femoral 
sulcus. Its apex is located just above a line drawn 
across the distal profile of femoral condyles. In 
the lateral view the proximal tibia must be 
visible to exclude a bony avulsion of the patellar 
ligament from the tibial tuberosity. A rupture 
of the patellar ligament or an abnormal position 
of the patella (patella alta, e.g., high-riding or 
patella baja, e.g., shortening of the tendon) can 


Preservation of active knee 
extension does not rule out a 
patellar fracture. 
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Fig. 4.7-1: Classification OTA 


Most types of fracture need 
open reduction and osteosyn- 
thesis. Patellectomy is reserved 
for fractures that cannot be 
reconstructed. 


be recognized with the help of the Insall me- 
thod [3] of relating the greatest diagonal lengths 
of the patella and the patellar tendon. This ratio 
is normally r= I. A ratio r< I suggests high- 
riding patella (patella alta) or ligamentous 
rupture. The third important plane is the 30° 
tangential view, which is obtainable in 45° knee 
flexion. If a longitudinal or osteochondral frac- 
ture is suspected, the 30° tangential view will 
be a helpful diagnostic adjunct. 

Tomography is helpful in special cases, such 
as stress fractures, in elderly patients with osteo- 
penia and hemarthrosis [4], and also in cases of 
a patellar non-union or malunion [5]. Compu- 
ted tomography is recommended only for the 
evaluation of articular incongruity in cases of 
non-union, malunion, and femoropatellar align- 
ment disorders. Scintigraphic examination can 
be helpful in the diagnosis of stress fractures; 
leukocyte scan can reveal signs of osteomyelitis 
[6]. 

Tendon ruptures, patellar dislocation, and 
growth abnormalities (bipartite patella) must be 
ruled out. Isolated rupture of the quadriceps or 
patellar tendon must be excluded by clinical 
evaluation (palpation). The lateral x-ray may 
indicate an abnormal position of the patella. 

Dislocation, most commonly occurring to 
the lateral side, may result in osteochondral 
shear fractures with lesions of the medial mar- 
gin of the patella. 

Bipartite or tripartite patella result from lack 
of assimilation of the bone during growth. Located 
on the proximal lateral quadrant of the patella, the 
condition is usually bilateral and has a charac- 
teristic x-ray feature with rounded, sclerotic lines 
rather than the sharp edges and lines of a fracture. 
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1.4 Fracture classification 


The major fracture types are illustrated in 
Fig. 4.7-1. Each fracture type has its own code 
consisting of three elements—e.g., 45-CI.3: 

The first element, 45, identifies the bone. 
The OTA classification describes the different 
fracture types: 

A Extra-articular, extensor mechanism 
disrupted: therapy operative. 

B Partial articular, extensor mechanism 
intact, for example, often vertical 
fractures: therapy non-operative or 
operative in case of intra-articular 
incongruency or danger of secondary 
dislocation. 

C Complete articular, disrupted extensor 
mechanism: therapy operative. 


1.5 Decision making 


The choice of treatment depends on the type of 
fracture (Fig. 4.7-1). There are four possible 
treatment options. 

Non-operative treatment is generally possible 
in the case of closed, non-displaced fractures 
with an intact extensor mechanism (45-B). 

Simple fractures with gaps and steps in the 
articular surface may be stabilized by percuta- 
neous screw fixation under arthroscopic control. 

Most types of fracture need open re- 
duction and osteosynthesis. 

Patellectomy is reserved for fractures 
that cannot be reconstructed (45-C3). The 
recommended therapy for each fracture-pattern 
is included in the following Table 4.7-1. 


Table 4.7-1: Summary of indications 


45-A Extra-articular “pole” fractures 


+ Lag screw plus tension band wire or cerclage 
to tuberosity 


* Transosseous suture of avulsed tendon plus 
cerclage between patella and tibial tuberosity 
to secure suture 


45-B Partial articular, vertical fracture 


* Non-displaced —> Non-operative 
* Displaced, simple — Transverse lag screw, 
plus cerclage 


+ Multifragmentary (stellate) — Circum- 
ferential cerclage plus tension band 


45-C Complete articular, transverse 


* K-wire plus tension band wire 


* Plus third fragment — Lag screw or K-wire 
plus tension band 


* Four or more fragments > K-wires, screws 
plus tension band 


* Partial or total patellectomy 


2 Surgical anatomy 


The anterior surface is surrounded by an extra- 
osseous arterial ring, which receives inflow 
from branches of the genicular arteries. This 
anastomotic ring supplies the patella through 
midpatellar vessels, which penetrate the middle 
third of the anterior surface, and the polar 
vessels, which enter the apex [7, 8]. Avascular 
necrosis is rare but can occur when excessive 
bilateral incisions are made and the patella is 
injured. 


The infrapatellar branch of the saphe- 
nous nerve crosses from medial to the 
ventrolateral aspect of the tibial head 
close to the apex of the patella. It runs in 
the subcutaneous tissue layer and may be 
at risk in transverse incisions. 


2.1 Biomechanics 
(see chapter 3.2.3) 


The patella serves as the fulcrum of the extensor 
mechanism within the two lever arms, the 
quadriceps tendon as extension of the largest 
muscle in the body, and the patellar tendon 
inserting in the tibial tuberosity. Enormous 
forces are transmitted across the femoro- 
patellar joint. Maximal forces measured within 
the quadriceps tendon ranged up to 3,200 N, 
within the patellar tendon 2,800 N, and in 
young, physically fit men up to 6,000 N [9]. This 
corresponds to three to seven times the 
body weight and indicates the load-bearing 
capacity required of an osteosynthesis. At 4—5 
mm in depth the patellar cartilage is the thickest 
in the human body [10]. This is due to the high 
pressures created by knee flexion and especially 
by arising from a squatting position. The shape 
of the femoropatellar joint, and hence the 
posterior surface of the patella, varies widely. 
Patellar tracking also depends on the config- 
uration of the extensor mechanism and on the 
balance of the quadriceps muscles. The con- 
gruency of the articulation of the patella with 
the femur changes considerably from extension 
to flexion. From full extension to 45° of flexion the a- 
ticular surface of the patella is in contact with 
the anterior femur. In a knee flexed more than 
45° the posterior surface of the quadriceps 


Be aware of infrapatellar 
branch of saphenous nerve 
when using a transverse 
incision. 


Forces transmitted across the 
femoropatellar joint correspond 
to three to seven times the 
body weight. 
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Due to the increased lever arm 
of the extensor mechanism an 
additional force is needed to 
gain full extension. 


The inflated tourniquet can 
inhibit the reduction of the 
fracture. 


tendon articulates with the patellar facets of the 
femur [10]. This increases the lever arm, for 
example, the distance from quadriceps tendon- 
patellar tendon linkage to the axis of knee 
rotation. The increased lever arm of the 
extensor mechanism, due to the height of 
the patella, adds an additional 60% of the 
force needed to gain full (e.g., the final 15°) 
extension [11]. This fact must be taken into 
account if patellectomy is performed, since full 
extension power will be markedly reduced 
postoperatively. 


3 Preoperative planning 


3.1 Positioning and 
approaches 


The patient is placed supine on a radiolucent 
table. A cushion under the patient’s ipsilateral 
buttock is helpful to rotate the leg internally. A 
tourniquet around the thigh, inflated to about 
250 mmHg, gives better visibility. The surgeon 
has to take into account that the inflated tour- 
niquet can complicate the reduction of the 
fracture by fixing the quadriceps in a short- 
ened position. To avoid this, the knee should 
be carefully flexed beyond 90° and the patella 
manually pushed distally to gain as much length 
as necessary before the tourniquet is inflated 
[6]. In some cases it may be helpful to deflate 
the tourniquet while reducing the fracture. 


Clinical examination under anesthesia 


Clinical examination of the knee under ane- 
sthesia is of the utmost importance. Associated 
lesions, such as ligamentous damage or dis- 
location and instability, must be ruled out. 
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Approach 


Either a longitudinal or a transverse incision can 
be used (Fig. 4.7-2). We prefer the midline longi- 
tudinal incision over the patella, because it can 
be extended proximally or distally and it does 
not interfere in case of later revision. The trans- 
verse approach gives the best cosmetic result 
since it lies within Langer’s lines, but may injure 
the infrapatellar branch of the saphenous nerve. 
Parapatellar incisions are also possible, espe- 
cially in the case of an open fracture when one 
may be able to incorporate skin lesions into the 
approach. After incision of the superficial fascia, 
the extensor apparatus is exposed and tears in 
the auxiliary extensors can be identified. If 
necessary to inspect the knee joint, a medial 
parapatellar arthrotomy is made. Intra-articular 
surgery can be performed as needed. In the case 
of an open fracture or a pre-existing chronic 
bursitis, the prepatellar bursa may be excised; 
this is normally not required in closed fractures. 


3.2 Reduction techniques 
and tools 


The knee joint and fracture lines must be irri- 
gated and cleared of small debris to allow exact 
reconstruction. The larger fragments are re- 
duced using a large pointed bone reduction 
forceps. In type A or C fractures, reduction is 
easier in a full or hyperextended position of the 
knee. Longitudinal type B fractures are some- 
times better reduced with the knee flexed. Ana- 
tomical reduction of the articular surface is 
monitored by palpating the joint from inside, 
as neither inspection nor the x-ray will reveal 
a minor step off. If an inside-out technique is 
planned, K-wires are inserted in an open manner 
before the reduction is done. The wires can also 


a) b) 


Fig. 4.7-2: Skin incisions/approaches. 

a) Midline/vertical: allows for extensions and respects infra- 
patellar nerve (1). A parapatellar incision is also possible. 
b) Transverse: respects Langer’s line and allows easy 
access laterally and medially. Usually severs infrapatellar 
nerve (1). Choice of approach should respect the skin 
contusion/abrasion which is often present. 


be used as joysticks to help in reducing the 
fragments. Reduction is held by one or two 
reduction forceps. 


3.3 Choice of implant 


The forces being transmitted through the 
patella require implants that withstand 
high tensile stress. Tension band wiring, being 
highly effective in transforming distraction forces 
into compressing forces, is most widely used. 
Single lag screws, if applied properly, will add 
to stability but should not be used without a 


tension band except in longitudinal type B frac- 
tures. Articular osteochondral flake fractures 
can be kept in place with biodegradable pins 
until healed. 


Tension band wiring 


1.0mm or, exceptionally, 1.25 mm stainless steel 
wire in combination with 1.6, 1.8, or 2.0 mm 
K-wires are the implants of choice. 


Lag screws 


The small fragment 3.5 mm cortex screw, used 
as a lag screw, is preferred. The 4.0 mm can- 
cellous bone screw can also be used, but it has 
some disadvantages. Because of the high density 
of the patellar bone, reduction may be lost 
during screw insertion (high torque). Removal 
of a shaft screw may be difficult. 


Biodegradable implants 


Osteochondral fragments can be fixed with 
biodegradable pins of 1.6-2.0 mm diameter 
instead of K-wires. These implants consist of 
polyglycolic acid (PGA), polydioxanone (PDS), 
or polylactic acid (PLA). PGA starts to lose sta- 
bility after 1-2 weeks; while PLA holds for 6 
months. These implants are useful only for 
adaptation of unloaded fragments and are not 
recommended in areas of high mechanical 
stress. The same applies to resorbable suture 
material, which cannot match the tensile 
strength of metallic wires. Different factors 
contribute to the biocompatibility of these im- 
plants, and local foreign-body reactions remain 
a matter of concern [12]. Their advantage is that 
implant removal can be avoided. 


The patella requires implants 
that withstand high tensile 
stress. 
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Débridement of contused or 
contaminated soft tissue is 
essential in open fractures. 


Tension band principle: Tensile 
forces are converted to com- 
pression. 


4 Surgical treatment— 
tricks and hints 


4.1 Open fractures 


Open fractures are generally emergency cases 
and require surgery as soon as possible. Dé- 
bridement of contused or contaminated 
soft tissue should be combined with irri- 
gation or in severe cases with jet lavage. 
Soft-tissue stripping from the bony fragments 
must be avoided for the sake of maintaining 
blood supply (see chapter 5.1). 


Procedure 


First, the complete extent of the injury must be 
identified, since the preoperative x-ray may not 
always reveal all fracture lines. Any extra-arti- 
cular fracture lines will be detected by clearing 
avery small amount of overlapping tissue (I or 
2 mm) at the fracture edges. Steps, gaps, and 
the amount of destroyed or impacted cartilage 
are noted and any loose fragments are removed 
from the knee. The joint is irrigated and the 
articular surface of the corresponding femoral 
condyle is examined. 


4.2 Tension band wiring 


The principle is to convert the tension 
force into compression as the knee is flexed 
(Fig. 4.7-3) (Video AO51049). 

Reduction and fixation can be achieved in two 
ways, either by first reducing the fracture and 
then drilling the K-wires through the reduced 
fragments (outside-in technique) or by first 
drilling the wires into the unreduced fragments 
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60 Video A051049 


followed by reduction and completion of the 
fixation (inside-out technique). 

Using the outside-in technique, the first wire 
is drilled in an axial direction, the second one 
parallel to the first, through the reduced frag- 
ments. It may be difficult to find the right di- 
rection and position for the wires. Alternatively, 
drilling the two wires from the fracture side 
inside out should be considered. Before re- 
duction, the blunt ends of the wires must be cut 
obliquely, to make them pointed. After this, the 
main fragments will be manually reduced and 
held with a pointed reduction forceps. Then the 
K-wires are drilled forward through the opposite 
main fragment. (If the bone is very dense, the 
holes for the K-wires can be predrilled.) The ideal 
level for the pins lies in the center of the patella, 
approximately 5 mm below its anterior surface. 
Often the K-wires are closer to the articular 
than to the anterior surface. Nevertheless, the 
principle of tension banding is not disturbed. 

A sufficiently long (ca. 30 cm), I.0 or 1.25 mm 
thick cerclage wire is pushed manually as closely 
as possible to the edge between the bone and 
the protruding pin tips. The cerclage is placed 


Fig. 4.7-3: 

a) 45-C transverse fracture. 

b) Reduction with large reduction 
forceps with points and pre- 
liminary fixation with two parallel 
1.6-2.0 mm K-wires. 

c) To pass the “cerclage” wires 
through the ligamentous 
structures and around the 
K-wires close to the bone it may 
be helpful to use a curved large 
bore needle or cannula. 

d) The cerclage wire should lie 
anteriorly to the patella so as to 
act as a tension band. A circular 
wire is preferable to a figure-of- 
eight. 


a) 


~ 


45-C 


b) 


e) The lateral view demonstrates 
the tension band principle, 
where by flexing the knee, 
tensile forces are converted into 
compressive ones (arrows). 
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in the form of a figure-of-zero or figure-of-eight. 
The wire should be as close as possible to the 
bone throughout its whole course. The use of 
a curved large bore injection needle may be 
helpful (Fig. 4.7-3c). The figure-of-zero of the 
cerclage has more stability against torsion forces, 
but if the pins are located near the bone limits, 
the cerclage can cut into the retinacula. As a 
result the principle of tension banding might be 
lost. A figure-of-eight is therefore preferred by 
some authors, although it does “squeeze” the 
underlying tissues. The ends of the cerclage are 
located medially or laterally. 

While tightening the cerclage with the knee Fig. 4.7-4: a) Relatively 
in extension, the reduction is checked by pal- non-displaced stellate 
pating the retropatellar surface. After tightening (45-B3) fracture. In the 


: i : first step a circum- 
the cerclage, the proximal pin ends will be bent, ferential 1 mm cerclage 


shortened and turned towards the quadriceps wire is placed around 
tendon, and driven into the patella to prevent the “equator” of the 
skin irritation and loosening. The distal pin ends 45-B3 patella. 


are only trimmed, not bent, for easier removal. 


Additional cerclage b) In the second step 
add the vertical K-wires 
and the standard 
anterior tension band 
configuration. 


Even comminuted fractures can be reduced and 
stabilized with the tension band technique 
if they are not too badly displaced (type B3 
stellate fracture) (Fig. 4.7-4). In such cases, with 
many small fragments, the tension band tech- 
nique must be combined with an additional 
circumferential cerclage around the fractured 
patella. The placement of this cerclage should 
be the initial step of stabilization to avoid further 
displacement as tension band wiring is carried 
out. 
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Combined tension banding plus lag screws 
or K-wires 


In transverse fractures, the two main fragments 
are themselves often further fragmented 
(Fig. 4.7-5). Tension band wiring is possible only 
if the two main fragments have been recon- 
structed by lag screws. After reduction of frag- 
ments and temporary fixation by a pointed 
reduction forceps, the screws are implanted as 
demonstrated in chapter 3.2.1. Lag screws are 
inserted closer to the retropatellar surface leaving 
enough space for the K-wires. For fragments 
too small to hold a screw, 1.6 mm K-wires are 
used. Interfragmentary compression is done 
later by an additional cerclage. 


puu 


Lag screws plus an anterior band wiring 


Fig. 4.7-5: 45-C2.2 fracture. Fractures of a pole of the patella are best stabi- 
A combination of a transverse lized by lag screws (Fig. 4.7-6). As implant pull- 
4.0 mm lag screw with the out or failure is inevitable, the bending 
standard tension band (see f -b lized by additi l 

Fig. 4.7-3) is used to fix the orces must e neutra ized by additional an- 
transverse and vertical fracture terior tension band wiring. Upper pole fractures 
pattern. are stabilized in this manner, if necessary com- 
bined with additional transosseous sutures of 


the quadriceps tendon. 
Transosseous sutures for tendon repair 


Very small fragments should be excised and 
tendon repair is done by transosseous sutures 
alone (Fig. 4.7-6a). We prefer non-resorbable 
heavy suture material for the main adaptation 
and resorbable material for the additional fine 
sutures. 
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Partial patellectomy is pre- 
ferred to total patellectomy. 


a) 


Fig. 4.7-6: 45-A fracture with avulsion of the 
lower pole of the patella. To anchor the wire 
in the tibial tuberosity a screw is used as 
shown or the wire is pushed through a 
cannulated screw. 


4.3 Patellotibial cerclage 


Management is the same as for lower pole frac- 
tures, but if fixation of patellar tendon origin is 
inadequate because of a small fragment or mul- 
tiple parts, the necessary transosseous sutures 
must be protected by a patellotibial cerclage 
between patella and tibial tuberosity (Fig. 4.7-6b). 
The anchoring at the tuberosity can occur 
around a 3.5 mm cortex screw or through the 
hole of a cannulated screw. When tightening 
this, it is necessary to ensure that the knee can 
flex to 90°. This means that in full extension 
there will be some redundancy of the cerclage 
wire. 
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a) The fragment is discarded and the transosseous sutures reattaching 
the patellar ligament are protected by a figure-of-eight wire between 
patella and tibial tuberosity. 

b) The fragment is preserved and fixed with a 4.0 mm cancellous bone 
screw. Again, this must be protected by a figure-of-eight wire. 


4.4 Partial patellectomy 


Partial patellectomy is preferred to 
total patellectomy, whenever possible, as 
it keeps the lever arm intact (Fig. 4.7-7). 
A comminuted upper or lower pole and even 
a comminuted zone in the middle of the patella 
can be managed best by taking out all small 
particles. If the damaged zone is in the middle 
of the patella, an osteotomy proximally as well 
as distally and reduction of the main fragments, 
as in a transverse fracture, can be done. If the 
comminuted area is marginal, the bony particles 
should be removed in order to prevent osteo- 
phyte formation. Then the neighboring tendon 
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part is sutured keeping the extensor 
axis in mind, otherwise patellar 
balance could be disturbed. Distally, 


sutures have to be protected by 
a patellotibial cerclage as described 
above. 
4.5 Patellectomy 
In case of severe comminution and 
extended cartilage damage, patellec- 
tomy may be the only way to manage 
the injury (Fig. 4.7-8). All bony frag- 
45-C3 


m: 


ments and shredded tissue are removed 
by sharp dissection leaving as much 
extensor apparatus as possible. Ten- 
dinous reconstruction then follows. A 
defect zone of 3—4 cm can be bridged 
by direct adaptation. Shortening of 
the extensor apparatus is beneficial as 
it increases the muscle preload. If a 
direct suture proves impossible, then 
inverted V-plasty is recommended [6]. 
However, one should always take into 
consideration the fact that retention 
of even one larger fragment would 
maintain the lever arm. 


Wound closure 


A suction drain is placed into the joint. 
The arthrotomy is closed and tears in 
the retinacula are adapted by resor- 
bable sutures and the skin is closed. In 
open fractures the small implants can 
usually be covered by adjacent soft 


: ere tissue and the skin can be mobilized 
Fig. 4.7-7: In the case of a severe central comminution of the $ : 
patella, as a salvage procedure the injured segment may be considerably, so even large skin defects 
removed by osteotomy. The two remaining portions are do not pose any problem. 
joined together by two lag screws and a tension band wire. 
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Fig. 4.7-8: 

45-C closed fracture. 
a) Closed fracture of 
the patella. 


b) After ORIF with 
tension band wiring. 


5 Postoperative treatment 


The osteosynthesis is stable and implants (not 
only K-wires but also lag screws) are protected 
by anterior banding against bending forces. 
Therefore, it may not be necessary to use casts 
or braces. When the patient is walking, a knee 
brace is helpful until quadriceps control is 
regained. Early motion, especially active assisted, 
is beneficial to articular cartilage health. This 
may be facilitated by continuous passive motion 
(CPM). Drains are removed on the first 
or second postoperative day, depending on the 
amount of wound drainage. Then the patient 
begins with isometric exercises and mobili- 
zation. Partial weight bearing to 15 kg or half 
body weight for 6 weeks and active assisted 
motion from full extension to 90° of knee flex- 
ion are allowed, assuming there are no wound 
problems. Knee flexion is most important for 
changing anterior traction forces into retro- 
patellar compression forces, which supports 
bone healing. 

Implant removal will take place after 1 year 
on average (6-24 months). A patellotibial cerc- 
lage should be removed within 12 weeks if 90° 
knee flexion is not obtained or after breakage 
if painful. 


6 Pitfalls and 
~ complications 


Disturbed wound healing 


The optimal plane of tissue dissection lies 
between the subcutaneous fascia and the 
extensor apparatus. For an undisturbed blood 
supply of the skin, it is very important not to 


commit the common error of separating the 
tissue layers between skin and subcutaneous 
fascia. The inevitable result will be the necrosis 
of the wound margins. Improper use of wound 
hooks can also produce such problems. 


Deep infection 


Revision with débridement and irrigation is 
indicated every other day until wound healing 
is secured. With deep infection, long-term anti- 
biotic application (6 weeks) is recommended 
(see chapter 5.5). 


Synovitis by biodegradable implants 


Crystalline decomposition products can create 
mild to severe sterile synovitis, which may be 
hard to distinguish from an infection. An 
arthroscopic intervention may be necessary [12]. 


Skin irritation by wire tips 


The irritating end of a pin or a cerclage 
should be shortened before the soft-tissue 
layer becomes perforated; otherwise the 
patient is threatened with infection. 


Patella baja 


This complication can cause a severe limitation 
of knee flexion. If there is the need for a cerc- 
lage wire to protect the patellar ligament, a 
patella baja could be produced by misjudging 
the exact length of the patellar tendon. The 
opposite knee will indicate the correct position 
of the patella as described under x-ray eval- 
uation. 


Shorten ends of pin and 
cerclage before soft tissue is 
perforated. 


The optimal plane of tissue 
dissection lies between the 
subcutaneous fascia and the 
extensor apparatus. 
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1 Introduction 


A surgeon considering operative management 
of a proximal tibial end-segment fracture should 
decide the course of treatment on the basis of 
the patient’s age, level of activity, previous 
medical conditions, and expectations. The need 
to avoid the undesirable outcomes of instability, 
malalignment, and articular incongruity of the 
knee will often dictate surgical management. 
Indications for surgery include: 

e Open plateau fractures, 

* Fractures with an associated com- 
partment syndrome or acute vascular 
lesion, 

e Articular fractures with displacement 
greater than 10 mm although in young 
or active patients 2 mm [1-6] may be 
unacceptable, 

e Axial malalignment. 


Tibia: proximal 


2 Assessment of fractures 
and soft tissues 


It is important to determine the force of the 
injury, as high-energy fractures are associated 
with considerable soft-tissue injuries [7, 8]. 
Physical examination should focus on the integ- 
rity of the soft-tissue envelope, especially the 
presence of blisters or superficial abrasions, 
which indicate areas to be avoided in a surgical 
approach until the soft tissues have resolved. If 
lacerations and compromised skin cannot be 
avoided, any intervention must be delayed. The 
fracture is temporarily stabilized by bridging 
external fixation, and the fixation is carried out 
in stages. Some attempt, however limited, to 
reassemble the articular surface is mandatory. 
Especially in open fractures with soft-tissue loss 
or severe closed soft-tissue injury, this articular 
reconstruction can be protected by a spanning 
external fixator. After soft-tissue recovery, a 
secondary procedure can be safely accom- 
plished to achieve metaphyseal stabilization. 
Neurovascular status should be assessed and, 
in the presence of a high-energy fracture pattern, 
compartment syndrome and arterial injury must 
be ruled out, usually by compartment-pressure 
monitoring and/or arteriography [9, 10]. 


High-energy fractures are 
associated with considerable 
soft-tissue injuries. 
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Arterial injuries are associated 
with high-energy fractures or 
fracture dislocation. 


2.1 Imaging studies 


X-rays should include AP, lateral, and internal 
and external oblique views. Traction x-rays are 
an additional method to determine the efficacy 
of distraction techniques and will determine if 
a ligamentotaxis—indirect reduction—is possible. 
They are useful to plan the extent and location 
of surgical incisions. In many parts of the world 
CT scanning is the imaging study of choice, 
although linear tomography still has its place if 
CT is not available (Fig. 4.8.1-1)[11]. CT scans 
with axial, coronal, and sagittal reconstruction 
assist in delineating the severity and orientation 
of condylar fracture lines (Fig.4.8.1-2). This is 
useful when using minimally invasive tech- 
niques associated with indirect reduction where 
direct exposure of the fracture lines is to be 
avoided. 
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MR imaging has been shown to be superior 
to CT scans when assessing associated soft-tissue 
injuries, such as meniscal and ligamentous 
disruptions; however, MR imaging may not be 
widely available and is seldom indicated [12, 13]. 

Arteriography should be considered when- 
ever there is a serious possibility of an arterial 
lesion. Fracture patterns most commonly asso- 
ciated with arterial injuries are the higher 
energy 41-B1.3 and 41-B3.3 fractures. These 
fractures frequently present with a very unstable 
knee or even an actual fracture dislocation. 
High-energy-type fracture patterns, including 
41-Cl, 41-C2, and 41-C3 fractures, especially 
if there is a posterior medial corner fragment, 
should lower the surgeon’s threshold for ob- 
taining an arteriogram. 


Fig. 4.8.1-1: 41-C3.1 Bicondylar 
fracture. 

a) Standard AP view. 

b) Same fracture in linear 
tomography with considerable 
impaction of the articular 
surface. 


"ig. 4.8.1-2: The rare case of a 41-B3.2 fracture. 
a) Standard AP view. 

b) 3-D reconstruction as seen from behind. 

c) Lateral view. 

d) Lateral 3-D reconstruction. 


502 
N 
\\ 
41-A3 41-B1 41-C3 


Fig. 4.8.1-3: AO Miller Classification 


Meniscal tears or avulsion 
must be identified and 
repaired. 


2.2 Classification 


The AO Müller Classification distinguishes be- 
tween extra-articular (type A), unicondylar (type 
B), and bicondylar (type C) fractures (Fig. 4.8.1-3). 


3 Surgical anatomy 


The medial plateau is the larger of the two 
articular surfaces. It is also concave from front 
to back, as well as from side to side. The lateral 
plateau is smaller and higher than the medial, 
it is convex from front to back and from side to 
side, which also helps to identify it on a lateral 
x-ray (Fig. 4.8.1-4). This is important to note, so 
that screws inserted from lateral to medial do 
not enter the concave medial joint surface. The 
intermediate, non-articular intercondylar emi- 
nence serves as a tibial attachment of the ante- 


Fig. 4.8.1-4: Normal anatomy of medial and lateral tibial 
condyles as seen in the sagittal plane. NOTE: The lateral 
joint line is convex, the medial concave! 
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rior cruciate ligament. Fractures of this area, 
when present as isolated injuries, represent an 
avulsion of the anterior cruciate ligament and 
are not usually discussed under fractures of the 
tibial plateau (41-A1). The tibial tubercle and 
Gerdy’s tubercle are bony prominences located 
in the subcondylar region and serve as points 
of attachment for the patellar tendon and ilio- 
tibial band respectively. These landmarks are 
important when planning surgical incisions. 
The medial condyle, including its articular sur- 
face, is stronger than the lateral. As a result, 
fractures of the lateral plateau are more common 
and may present articular impaction and frag- 
mentation. Medial plateau fractures occur more 
often “en bloc” and are invariably associated 
with more violent injuries (Fig. 4.8.1-5). They 
have a higher degree of soft-tissue injury, such 
as disruption of the lateral/collateral ligament 
complex and neurovascular lesions. 

The proximal tibiofibular joint is located 
posterolaterally on the lateral tibial condyle. 
The fibular head provides attachment for the 
fibular collateral ligament and biceps tendon, as 
well as acting as a buttress for the proximal 
lateral portion of the tibial plateau. 

The outer portion of each plateau is covered 
by a cartilaginous meniscus. The lateral meniscus 
covers a much larger portion of the articular 
surface than does the medial. Meniscotibial 
ligaments attach the menisci to the periphery 
of the tibial plateaus. These are important to 
identify at surgery, so that a submeniscal 
exposure or peripheral meniscal rim tear 
can be correctly sited and repaired. In case 
of meniscal detachment through the injury, it 
is recommended that its periphery be tagged 
with stay sutures prior to reduction of the 
fracture, as the siting of sutures can be difficult 
afterwards. 


4 Preoperative planning 


A complete understanding of the routine and 
traction x-rays, and CT or MR scans is essential 
to develop a preoperative plan. This confirms 
that the appropriate implants and reduction 
instruments are available. It also clarifies the 
need for supplemental bone grafts. Additionally, 
the surgical tactics should include the operative 
approach to ensure that the exposure is com- 
pleted with the least soft-tissue dissection [14]. 


4.1 Surgical approach 


The patient is positioned supine on a radio- 
lucent operating table, preferably one which 
“breaks” so that the knee can be flexed to 90°. 
Alternatively, this can be achieved using a large 
sterile bolster or a beanbag patient positioner. 


Fig. 4.8.1-5: 41-C3.1 fracture in a 
44-year-old female after a skiing 
accident. In bicondylar fractures the 
medial plateau is mostly sheared 
off “en bloc” without major 
damage to the articular surface. 


Knee flexion allows the iliotibial band to slip 
posteriorly off the lateral condyle of the femur, 
affording a better view of the posterolateral 
plateau. This is helped by allowing the depen- 
dent weight of the leg to apply a distraction 
force. A C-arm image intensifier should be 
available and brought in from the opposite side 
of the operating table. 

Since the majority of plateau fractures pri- 
marily involve the lateral side, a straight lateral 
parapatellar incision is usually the first option 
(Fig. 4.8.1-6). This incision can be extended 
proximally and distally as more exposure is 
needed. The deep dissection should go straight 
down to the bone by detaching the lateral 
muscle origins and splitting the fibers of the 
iliotibial tract. The knee joint is then opened 
below the lateral meniscus in order to get a 
good view of the articular surface. An avulsed 
meniscus should be reattached rather than 
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Fig. 4.8.1-6: Parapatellar lateral approach. 

a) Standard approach to the tibial plateau 
through a straight lateral parapatellar incision. 
b) The deep dissection should go straight down 
to the bone leaving a narrow border of fascia 
attached to the tibia. The iliotibial tract is also 
split. The muscle origins are detached to 
expose the lateral condyle. The joint is exposed 
by lifting up the meniscus, which has often 
been avulsed during the injury. It is advisable 
not to excise but rather repair and reattach an 
avulsed meniscus. 
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1 Patellar tendon 
2 Semimembranosus 
muscle 


Fig. 4.8.1-7: Posteromedial approach to the 
medial edge of the proximal end of the tibia. 
The bone is exposed dorsal to the structures of 
the pes anserinus, which rarely needs any 
detachment or incision. The usually thick 
periosteum must be gently stripped to exactly 
see the fracture lines. 
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In case of bicondylar fractures 
an additional posteromedial 
incision may be recommended. — 


excised. It is, furthermore, advisable not to dissect 
across the tibial tuberosity—unless absolutely 
necessary—because of the very delicate skin 
cover on the medial side. Care must be taken 
not to place incisions over the proposed sites of 
plates or screws or where there is risk of de- 
vitalizing sensitive structures. This requires 
good planning. When treating fractures with a 
bicondylar component (41C), where perfect 
reduction and buttressing of the usually large 
posteromedial fragment is needed, an addi- 
tional posteromedial incision [15] is pre- 
ferred to an extensive exposure from anteriorly 
(Fig. 4.8.1-7). The posteromedial incision is 
planned in such a way as to expose the medial 
edge of the tibial plateau dorsal to the tendons 
of the pes anserinus. The usually simple fracture 
can be anatomically reduced and buttressed by 
a DCP 3.5, LC-DCP 3.5, or one-third tubular 
plate. The infrapatellar Z-plasty is no longer 
recommended, while posterior approaches are 
rarely indicated [16]. Any additional sub- 
periosteal exposure, either laterally or medially, 
carries the risk of devitalizing the fracture 
fragments and should not be done. 


Video AO20144a 
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4.2 Reduction techniques 
and tools 


Fracture reduction techniques in the proximal 
tibia rely on the concept of indirect reduction 
to realign the fracture fragments attached to soft- 
tissue hinges such as ligaments. These techniques 
require use of one or two large distractors bridg- 
ing the slightly flexed knee. Ligamentotaxis can 
reduce a considerable portion of the fracture, 
primarily large condylar fragments, as well as 
realign the diaphyseal-metaphyseal shaft exten- 
sion. 

Large pointed reduction forceps are applied 
percutaneously to achieve compression be- 
tween the different fracture lines (Fig. 4.8.1-8). 

To gain exposure and to reconstruct a de- 
pressed articular fragment, it is best to exploit 
the primary fracture line. The lateral condylar 
fracture fragment can be hinged back on its soft- 
tissue attachment, much like opening the cover 
of a book (Video AO20144a). One can then see 
the joint depression, which usually consists of 
a centrally impacted area. If the injury has 
caused a central depression with no split, the 


ga Video A020144b 


Fig. 4.8.1-8: Indirect 
reduction of lateral 41-B3 
fracture with the large 
distractor and compression 
using the long pelvic 
reduction forceps. 
Preliminary fixation with 
K-wires. 


depressed area can be approached from below 
through a window made in the anterolateral 
cortex of the tibial condyle. The articular surface 
is then seen indirectly through a standard 
submeniscal articular exposure. Reduction of 
the articular surface must be accomplished by 
elevating the fragments “en masse” from below 
(Fig. 4.8.1-9). The resulting defect in the meta- 
physeal area must be filled with cancellous 
autograft or a corticocancellous bloc to support 
the elevated fragments (Video AO20144b), Alter- 
natively, newer bone substitutes have been 
used successfully in this situation. 
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Fig. 4.8.1-9: The impacted 
articular surface must be 
elevated gently with a pusher 
that can be introduced 
through the fracture or by 
creating a small cortical 
window. Most importantly, 
the resulting bony defect 
must be filled with a 
cancellous or cortico- 
cancellous autograft to 
prevent secondary collapse. 
Alternatively, bone substitute 
can be used. 
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In case of extensive comminu- 
tion or soft-tissue injury large 
exposures must be avoided. 


Fig. 4.8.1-10: A simple condylar split fracture 41-B1 may 
be stabilized by lag screws, given good bone quality and 
a compliant patient. The distal 4.5 mm cortex screw with 
a washer is actually preventing the tip of the fragment 
from displacing distally. 


For split fractures (41-B1) with no fragmen- 
tation, multiple 6.5 mm cannulated screws can 
be used to stabilize the condylar fragment asso- 
ciated with an antiglide screw or small plate at 
the apex of the fragment (Fig. 4.8.1-10). For 
more fragmented fracture types (41-B3 and C2) 
or osteoporotic bone, cancellous bone lag screws 
may not provide enough support and a buttress 
plate is necessary. The concept of a “raft-plate” 
allows multiple 3.5 mm screws to support the 
elevated, depressed fragment. These may be 
inserted separately or through a buttress plate 
applied as closely as possible to the joint margin. 
Significant metaphyseal-diaphyseal dissociation 
(41-C3) injuries require larger and stronger 
bridging plates like the lateral tibial buttress 
plates to span these zones of fragmentation. 

If extensive comminution or soft-tissue 
injury is present, additional dissections are 
contraindicated to avoid wound problems. 
To stabilize the posteromedial condyle a simple 
half-pin external fixator may be applied or alter- 
natively a medial plate through a separate small 
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incision. When severe soft-tissue contusions 
are combined with significant metaphyseal- 
diaphyseal extension and fragmentation, the 
joint must be reduced by minimally invasive 
techniques and stabilized by interfragmental 
compression while the metaphyseal-diaphyseal 
stabilization may be by hybrid external fixation 
(Fig. 4.8.1-11) (see chapter 3.3.3) [3, 17-22] or 
else delayed until the soft tissues are suitable for 
internal fixation. 


5 Surgical treatment 


5.1 Extra-articular type A 


fractures 


41-Al fractures are extra-articular avulsion- 
type injuries, which in general can be treated 
non-operatively or with simple lag screw fixa- 
tion. Type A2 fractures are simple metaphyseal 
injuries, frequently allowing conservative man- 
agement by skeletal traction [23] casts and 
orthotics. With higher-energy fractures (41-A2.3) 
and the multifragmentary metaphyseal injuries 
(41-A3), operative intervention is needed. If 
soft tissues permit, simple DCP plating or the 
use of the lateral tibial buttress plate is indi- 
cated. High-energy injuries with compromised 
soft tissues are suitable for hybrid external 
fixation. Secure proximal fracture fixation is 
accomplished with two or three transfixion 
wires and distal fixation can be achieved with 
two well-spread Schanz pins. A simple frame 
can be constructed that will allow immediate 
weight bearing, as tolerated, and rapid fracture 
consolidation. 


5.2 Condylar split fractures 
(type B1) 


A pure, split, or wedge fracture of the lateral 
plateau (41-B1) is often amenable to a percu- 
taneous approach, using either arthroscopic 
control and or fluoroscopy to confirm the re- 
duction. Fixation is accomplished with one or 
two 6.5 mm cancellous bone screws placed just 
below the joint margin and one antiglide screw 
or plate at the apex of the fracture fragment (see 
Fig. 4.8.1-10). 


41-C2 


Fig. 4.8.1-11: The hybrid 
ring fixator is best applied in 
extra-articular 41-A3 or 
simple minimally displaced 
intra-articular B1 or C1 
fractures with severely 
compromised soft tissues. 
The articular fragments may 
be approximated by one or 
two regular or large, 
cannulated cancellous bone 
screws. 


When the condylar fragment is fragmented 
(41-B1.3), a lateral buttress or anti-glide plate 
should be used instead of multiple lag screws. 


5.3 Pure impaction fracture 
(type B2) 


41-B2.1 and 41-B2.2 are circumscribed impac- 
tions of the lateral plateau and may involve any 
portion of the articular surface, usually centrally 
or laterally. CT or MR scanning will indicate the 
location and depth of the depression. During 


“Screws only” for split or 
wedge fractures. All other 
situations require buttressing 
by a plate. 
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surgery the quality of reduction can be observed 
through direct vision or the arthroscope [24-27]. 
A limited lateral exposure is used to develop a 
small metaphyseal cortical window through 
which a small guide wire may be passed to the 
area of joint impaction. A curved bone impactor 
allows elevation of the fragment from below. A 
graft is introduced and stabilized by percu- 
taneous cannulated screws (see Fig. 4.8.1-9). 


5.4 Split-compression 
fractures (type B3) 


More extensive injuries involve a combination 
of a lateral condyle fracture with impaction of 
its articular surface (41-B3.1). Preoperative 
imaging studies are crucial to determine the 
extent and location of the impacted articular 


41-B3.1 


a) 


Fig. 4.8.1-12: 
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surface. Associated injuries such as ligmentous 
injuries or meniscal tears may be present and 
must be considered separately. Provisional K-wire 
fixation is useful to stabilize the articular surface 
following reduction of the impacted fragment(s) 
(Video AO20144c), Fixation of the condyle is best 
achieved with interfragmental compression by 
cancellous bone lag screws and a buttress plate. 
The lag screws may be incorporated into the 
plate or inserted separately, allowing a straight 
plate to be contoured to act in buttress mode. 
Other specially designed plates for buttressing 
these fractures are the L-plate and T-plate allowing 
the incorporation of screws into the plate (Fig. 4.8.1- 
12) (Video AO20144d). With extensive articular 
impaction, “raft-plate” fixation using 3.5 mm 
cortex screws provides excellent subchondral 
support and prevents secondary displacement 
of the reconstructed articular surface [28]. Any 


ponme 


a) Typical 41-B3 fragment fracture with impaction of articular surface. 
b) Reduction and temporary fixation with K-wires. The subchondral defect must be filled with a 


cancellous or corticocancellous autograft. 


c) Final aspect after application of a lateral tibial head buttress plate. 


bony defect should be filled with an auto- 
genous cancellous or corticocancellous bone 
graft or other bone substitute. 


5.5 Medial plateau 
fractures (41-B2.2/B3.2) 


Isolated medial plateau injuries are rare and 
often occur as a result of a high-energy force. 
They may be associated with meniscal tears, 
ligament rupture, neurovascular lesions, and 
compartment syndrome. For fractures with little 
or no condylar comminution or displacement, 
reduction with a large reduction forceps and 
fixation by percutaneous screws and a buttress 
plate is usually successful. Fractures with fragmen- 
tation extending into the intercondylar region 
preclude percutaneous treatment, especially if 
there is an associated posterior split-wedge 
fracture of the medial plateau. Intracondylar 
fragmentation should be repaired and the 
avulsed ligament fixed with lag screw or wire- 
suture loop placed through drill holes in the 
anterior tibial cortex. 


5.6 Bicondylar fractures 


(type C) 


These are characterized by involvement of 
both the medial and lateral plateaus (41-C1, 
41-C2, and 41-C3) and often result from high- 
energy injuries. In addition to bicondylar 
fragmentation, there may be dissociation of the 
shaft from the metaphysis. A major concern in 
the surgical management of these severe in- 
juries should be the limitation of additional 
damage to an already tenuous soft-tissue en- 
velope. Distraction often improves alignment of 
the condyles by ligamentotaxis, and large per- 
cutaneously applied reduction forceps may im- 
prove the position of the intercondylar frag- 
ments or even achieve complete reduction. 
Based on this information the surgeon should 
carefully plan the approach or approaches, the 
reduction, and fixation techniques. 

Analogous to fixing the fibula first in injuries 
about the ankle, a case may be made for fixing 
the (usually large) medial plateau fragment 
first, through a separate posteromedial incision 


o Video A020144c 


38° Video A020144d 


Any bone defect must be filled 
with a bone graft or bone 
substitute. 


Type C fractures involve both 
tibial condyles. 
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(see Fig. 4.8.1-7). This helps to establish the correct 
height of the joint line and offers a buttress against 
which to reduce the rest of the fracture. To 
secure the reduced medial plateau a LC-DCP 3.5 
or one-third tubular plate 3.5 in an antiglide 
mode is applied (Fig. 4-8.1-13) (Video AO20190a). 
Next, the more fragmented lateral plateau is 
approached through a standard lateral para- 
patellar incision. Care must be taken to leave 
the most delicate soft-tissue cover over and 
medial to the tibial tuberosity untouched. The 
reconstruction of the lateral plateau follows the 
principles already mentioned above, using a 
heavier implant (L-plate, tibial buttress plate, or Fig. 4.8.1-13: a) High-energy bicondylar plateau fracture 
LC-DCP) to buttress this side (Fig. 4.8.1-14) | 41-C3.1 (see Fig. 4.8.1-5). 
(Video AO20190b). It is imperative to remember b) First step: Reduction and fixation of the medial block 
S by a one-third tubular plate through a separate postero- 
that the metaphyseal fixation of these fractures n edial approach (Fig. 4.8.1-7). 
is the problem. It must be well planned and  ¢) Reduction of lateral side through a standard lateral 
done when the soft tissues will allow for defini- approach. Reduction and bony buttressing with bicortical 


tive fixation, either external or internal. graft, followed by fixation with a lateral T-plate 4.5 in 
buttress position. 
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Fig. 4.8.1-14: AP and lateral 
x-ray view of the case 
shown in Fig. 4.8.1-5 

7 weeks postoperatively. 
Note the well incorporated 
bicortical bone graft on the 
lateral side. 


oo Video A020190a 38° Video A020190b 
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6 Postoperative 
management 


Postoperatively, the limb is elevated on a frame 
for up to 5 days or on a CPM machine set at 
20-60° of flexion [29]. Alternatively, the leg is 
placed in a knee immobilizer and active assisted 
range of motion is commenced about the third 
postoperative day. The knee immobilizer is 
discontinued when the patient regains quadri- 
ceps control. Usually by 7-10 days at least 90° 
of flexion is obtained. A cephalosporin antibiotic 
is administered for a maximum of 24—48 hours 
following surgery. Suction drainage, if indicated, 
is maintained for at least 24 hours. If there is 
significant swelling or tension on the suture 
line, physical therapy may be delayed until it 
has subsided. Depending on their compliance, 
patients with type B and C fractures are main- 
tained with partial weight bearing (10-15 kg) or 
non-weight bearing for approximately 6-8 weeks 
[30]. The goal in pursuing active movement is 
to achieve 120° of knee flexion at the latest at 
1 month postoperatively. Weight bearing is 
advanced to 50% body weight at 6-8 weeks 
depending on x-ray evidence of fracture con- 
solidation. In higher-energy fracture patterns 
(B3 and C3 injuries), full weight bearing must 
often be delayed to 12-16 weeks. For low- 
energy injuries, full weight bearing is achieved 
by 8-12 weeks, and patients can expect to 
resume most simple activities at 4-6 months. 
Union at the metaphyseal-diaphyseal junction 
is often slow. If not progressing, the area should 
be bone grafted. Higher-grade injuries often 
take 12-18 months before the patients are able 
to resume routine daily activities. 


4.8.1 Tibia: proximal—J.T. Watson 


7 Pitfalls and 
complications 


The primary complications associated with the 
treatment of high-energy tibial plateau fractures 
are wound complications [31]. These can be 
minimized by careful evaluation of the soft- 
tissue envelope, the precise timing of surgery, 
development of full-thickness flaps, extraperi- 
osteal dissection of fracture fragments, and 
minimizing soft-tissue stripping at the fracture 
site. Should superficial wound breakdown 
occur, immediate surgical intervention is indi- 
cated. Repeat irrigation and débridement with 
secondary closure, rotational flap, or, rarely, 
vascularized free flap may be indicated. 

Malunion can occur with late joint collapse 
or deformation at the metaphyseal shaft junc- 
tion. If the mechanical axis is affected, then an 
osteotomy to restore the normal mechanical 
axis is indicated. If the major articular fragment 
has displaced in the early postoperative period, 
this should be revised immediately; once the 
large articular fragment unites in the displaced 
position, it is impossible to free and reduce it 
anatomically. 

Arthrofibrosis may occur in severe fractures 
or if early range of motion is not instituted 
immediately. Arthroscopic lysis of adhesions 
combined with gentle manipulation under 
anesthesia is indicated for those patients who 
fail to achieve 90° of flexion within the first 
4 weeks after surgery. 


8 Results 


For low-energy tibial plateau fractures (41-B1.1, 
41-B2, and 41-C1.11) treated surgically, mul- 
tiple studies report excellent results. Patients 
with low-energy fractures treated with internal 
fixation techniques had from 75-90% satis- 
factory results, compared to non-operative 
management [6, 32, 33]. In general, those 
patients who underwent internal fixation for 
low-energy-type fractures with minimal com- 
minution and competent soft tissues have an 
excellent prognosis to return to full and restricted 
activities with only minimal limitations. Studies 
of patients with comminuted high- energy frac- 
tures requiring extensile approaches with single 
or double buttress plates have reported sig- 
nificant complications with wound slough, deep 
infection, and malunion/non-union. 

Patients experiencing a high-energy-type 
plateau fracture treated with limited internal 
fixation with anti-glide plates and bridge plates, 
as well as limited posteromedial extraperiosteal 
plate application, have significantly reduced 
complications and have improved clinical out- 
comes. 

Studies on patients with significant articular 
comminution or metadiaphyseal extension 
using limited articular fixation in combination 
with hybrid external fixation have also demon- 
strated minimal complications with an overall 
70-80% rate of good to excellent outcomes for 
these severe fracture patterns. 
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i 10 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/481.htm 
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1 Assessment of fractures 
and soft tissues 


The soft-tissue envelope is the most im- 
portant component in the evaluation and 
subsequent care of tibial fractures. One 
third of the tibia has no muscle cover and lies 
directly beneath the skin. Therefore, every tibial 
fracture is associated with an injury to this most 
delicate skin cover. 

The extent and location of swelling and 
bruises are assessed first. Fracture blisters are a 
sign of massive soft-tissue swelling and should 
be a warning to delay any intervention. The 
skin must next be assessed for intradermal 
swelling. When this occurs, the normal skin 
lines are lost and the skin appears shiny. This 
situation is not safe for routine surgery, which 
must be delayed until the skin starts to “wrinkle” 
again. It may be appropriate to consider some 
form of soft-tissue stabilization, traction, or a 
bridging external fixation while awaiting re- 
solution of the swelling. 

The pulses are assesed. A missing pulse in an 
otherwise healthy leg must raise suspicion of 
vascular damage, especially in a displaced frac- 
ture of the proximal tibia. The Doppler signal 


may be helpful but is not always reliable. If in 
doubt, an arteriogram should be performed. 
This is also advisable in the aged patient with 
established or potential vascular disease. In 
tibial fractures, nerve injuries are less common 
than arterial injuries, but the limb must still be 
closely checked. 

Compartment syndromes occur more often 
with tibial fractures than with other long bone 
fractures. The cause can be swelling, bleeding, 
ischemia, or rebound edema following re- 
storation of vascularity (ischemia reperfusion 
injury). The anterior compartment is most 
commonly involved. The usual signs of severe 
pain, pain with passive stretch, and localized 
loss of sensation must call for immediate action, 
either measurement of compartment pressure 
or operative fascial release, which must be com- 
bined with appropriate fracture fixation (see 
chapter 1.5). 

X-ray imaging of the tibia is usually confined 
to standard AP and lateral x-rays, which should 
include the knee and ankle joints. Additional 
imaging is rarely required in fresh fractures. 


The soft-tissue envelope is the 

most important component in 

the evaluation and subsequent 
care of tibial fractures. 
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Fig. 4.8.2-1: AO Miller Classification 


Unstable and displaced fractures 
of the tibia seem to benefit from 
operative fracture fixation. 


Displaced, unstable fractures 
of the proximal and distal third 
of the tibia provide the best 
indications for plating. 
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1.1 Classification 


In the diaphysis, the A,B,C classification dis- 
tinguishes between simple (A), wedge (B), and 
complex (C) fractures (Fig. 4.8.2-1). For further 
details see chapters 1.4 and 2.2. 


1.2 Non-operative treatment 


Fractures of the tibial shaft which are stable and 
only minimally displaced can be treated, with 
good functional results, by initial immobili- 
zation in a cast followed by early weight bearing 
in a PTB (patellar tendon bearing) cast. When 
the patient is able to bear weight, a PTB cast or 
brace is applied. This is worn until union occurs. 

However, in most cases, unstable and dis- 
placed fractures of the tibia seem to benefit 
from operative fracture fixation, provided 
this is performed according to today’s standards. 


2 Plate fixation 


Displaced, unstable fractures of the proximal 
and distal third of the tibia—with or with- 
out articular involvement—provide the best 
indications for plating, particularly when 
they are difficult to nail or require anatomically 
accurate reduction, for example, in high per- 
formance athletes and skiers (Fig. 4.8.2-2 and 
Fig. 4.8.2-3). 

Plating is contraindicated, however, in un- 
reliable patients or when the soft tissues are 
damaged or deficient. If the possibility of early 
weight bearing is more important than perfect 
alignment, intramedullary nailing is preferred 
[1]. The following principles as described by 
Tscherne are relevant: 


e Place plate under viable soft-tissue 
coverage. 

e Create a stable bone-plate construct, 
allowing efficient healing. 

¢ To apply the plate do not strip the 
periosteum and soft tissues any more 
than the injury did. 


2.1 Surgical anatomy 


The tibia is well suited to plate fixation, espe- 
cially along its medial subcutaneous surface, 
where a plate does not interfere with the critical 
blood supply to the bone. Moreover, the flat 
medial surface makes contouring of the plate 
easy (see chapter 3.2.2). 

The lateral surface is also accessible, but the 
exposure requires separation of the muscles and 
respect for the nerves and vessels. Plate con- 
touring is more demanding on this side. 


2.2 Preoperative planning 
and approaches 


Tibial plating requires the basic instrument set, 
a range of narrow DCPs 4.5 or LC-DCPs 4.5, 
and reduction instruments. The patient is 
positioned supine on a regular, and preferably 
radiolucent, operating table. The use of a 
tourniquet is rarely necessary, but it may be an 
advisable precaution to have an uninflated cuff 
on the thigh. 

The standard approach to the tibia lies 1-2 cm 
lateral (or in exceptional situations only, medial) 
to the tibial crest (Fig. 4.8.2-4). An incision placed 
directly over the crest will end up over the 
medial surface after skin closure and when the 
swelling has subsided, because of the extra bulk 
of the plate. 


: Tibial shaft fracture 
of the distal third (42-C1), 
extending into the joint. Not 
considered suitable for nailing 
but a good indication for 
plating. 


r. 4.8.2-3: Proximal tibial 
fracture (42-C1) as an 
indication for plating. 


522 4.8.2 Tibia: shaft—R.R. White, G.M. Babikian 
e—a M A ed 


In the proximal and mid-shaft areas the 
incision is straight, while distally it is curved 
gently in the direction of the medial malleolus. 
The incision is carried down straight to the 
fascia without undermining the subcutaneous 
tissues. The paratenon of the tibialis anterior 
must be avoided. The periosteum should be 
pushed away at the level of the fracture gap no 
more than is needed to clear it and judge the 
reduction; elsewhere the plate will be placed 
on top of the undisturbed periosteum. Ex- 
ceptionally, as when plating is delayed, a case 
can be made for subperiosteal placement. 


Fig. 4.8.2-4: a) Standard approach to b) The cross section of the 
the tibia 1-2 cm lateral to the crest, at lower leg shows the best 
the distal end, the incision crosses the way of approach to the 
crest in a gentle curve in the direction medial as well as lateral 


of the medial malleolus. side of the tibia. 


The newer plates, i.e., the narrow LC-DCP 
4.5 and the PC-Fix (see chapter 3.2.2), lend 
themselves to extraperiosteal positioning be- 
cause their minimal contact with the bone is de- 
signed to preserve the periosteal blood supply. 

The skin incision for the lateral approach to 
the tibia is the same as for the medial side. The 
fascia overlying the muscle is incised a few 
millimeters away from the crest to leave a fringe 
for later reattachment. In order to position the 
plate, the muscles are gently separated from the 
tibia. 


2.3 Reduction techniques 
Selection of the correct reduction tech- 


nique is probably the most important part 
of internal fixation. Whether by direct or 


indirect means (see chapter 3.1), the goal is to 
achieve alignment of the limb axis in all planes, 
including rotation. Manipulations to obtain 
reduction must be gentle and atraumatic in 
order not to compromise the essential blood 
supply to the fracture fragments. 

With a simple fracture pattern, for example, 
spiral, oblique, and bending or spiral wedges, 
direct anatomical reduction should be followed by 
plating with interfragmentary lag screw fixation 
following classical AO principles (Fig. 4.8.2-5). 

In case of complex fragmentation (type C) 
exact reduction is not required and the plate 
should only bridge the fracture area, [2, 3] 
following minimal exposure and indirect re- 
duction technique (biological or bridge plating) 
(Fig. 4.8.2-6c) (see chapter 3.3.2). Appropriate 
length, rotation, and axial alignment must be 
restored. 


Fig. 4.8.2-5: Internal fixation of 
the fracture in Fig. 4.8.2-2 by 
the classical principles of inter- 
fragmentary compression with 
two 3.5 mm cortex lag screws 
and addition of a DCP 4.5 
neutralization plate. Due to the 
soft-tissue conditions the plate 
was applied to the lateral 
aspect of the tibia. 


Selection of the correct 
reduction technique is critical. 
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A longer plate may be used. 
Not every hole need be filled. 
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2.4 Choice of implant 


In diaphyseal fractures of the tibia the narrow 
DCP 4.5 or LC-DCP 4.5 is most commonly used 
[4, 5]. Standard plating requires fixation in at 
least six cortices on either side of the fracture. 
Broad plates should not be used; they are too 
stiff and too bulky. Smaller plates (DCP 3.5) are 
occasionally indicated in the distal tibia but are 
not strong enough for use as single implants; 
the six cortex rule applies. 


A 


0 
b 
c) 
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Fig. 4.8.2-6: 


a) After alignment of the fracture by 
indirect reduction, 

b) the plate is introduced on the medial 
aspect through a short incision and 
pushed distally. The correct position is 
checked by fluoroscopy. 

c) The bridging plate is fixed proximally 
and distally by a few (2-3) screws only. 


Currently the trend is to use longer plates 
(8-hole to 10-hole) and not to fill every hole. 
Two to three screws above and two to three 
below the fracture are considered sufficient 
provided they are spaced apart and anchored in 
good quality bone. To use more screws is not 


wrong but probably unnecessary (see chapter 
3.2.2). 


2.5 Tricks and hints 


Percutaneous plate application is a technique 
which has recently been described as an al- 
ternative to classical ORIF [6]. It requires 
practice and experience in indirect reduction 
techniques, (with either a large distractor or 
external fixator) as correct axial alignment is 
mandatory before the plate is applied. In distal 
tibial fractures, indirect reduction and further 
stability may be achieved by plating the fibula. 
The reduction must be exact or the tibia will be 
reduced into malalignment. Once the fracture 
is reduced and the plate is contoured to fit the 
bone, the skin incision to introduce the plate is 
sited either proximally or distally to the fracture 
(Fig. 4.8.2-6a/b). With a sharp periosteal ele- 
vator a tunnel is prepared through which the 
plate is then introduced. Its correct position is 
checked under fluoroscopy and subsequently 
the screws are inserted through stab incisions 
(see chapter 3.4) (Video AO20191). 


Co Video A020191 


2.6 Postoperative 
management 


The leg is elevated with the ankle at 90° for 
about 5-7 days or until active dorsiflexion has 
been regained. Immediate active ankle and 
knee movement is encouraged with the help of 
a therapist. As soon as the swelling has subsided 
the patient, if appropriately compliant, is 
allowed to get up with immediate toe-touch 
weight bearing (10-15 kg). Otherwise the limb, 
after ankle motion is established, is protected by 
a short leg splint or cast. At 4—6 weeks weight 
bearing is increased. Depending on the original 
fracture pattern and on the radiological and 
clinical follow-up, full weight bearing should be 
reached by 10-12 weeks postoperatively. X-rays 
are obtained after 6 and 12 weeks. While 
callus—a sign of some motion at the fracture 
site—is welcome after bridge plating, it should 
not appear after a simple fracture has been 
treated by open reduction and fixation aimed 
at absolute stability. 


2.7 Pitfalls and 
complications 


The greatest concern after plating of fractures 
about the tibia is to obtain uneventful healing 
of the soft-tissue cover, particularly the skin, 
which is very sensitive to poor handling. To 
avoid skin problems, correct timing of sur- 
gery, gentle soft-tissue technique and wound 
closure without tension, as well as an atrau- 
matic suture technique (modified Donati suture 
according to AllgGwer) are essential (Fig. 4.8.2-7). 


To avoid skin problems wound 
closure without tension is 
required. 
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3.2 Preoperative planning 


Based on the surgeon’s preference and expe- 
rience, the patient is placed on a fracture table 
or on a radiolucent table, with the leg draped 
so as to be freely mobile. A support can be 
placed under the thigh or the knee can be held 
fully flexed (Fig. 4.8.2-8). Surgical access to the 
ankle for distal locking must be assured. 


Fig. 4.8.2-7: Allg6wer stitch 
modified from Donati. 

a) interrupted stitch 

b) running suture. 


3 Intramedullary nailing 


3.1 Indications 


In diaphysis the intramedullary Intramedullary nailing is indicated for the 
nail is the implant of choice. majority of closed mid-shaft fractures of the 
tibia, as well as for open fractures with adequate 
soft-tissue cover [7-9]. In metaphyseal fractures 


it may be difficult to control and hold the cor- : 
rect alignment of the short fragment, so many f f Se 
surgeons prefer plates in such situations. Reamed = a 


intramedullary nails are preferred for closed 
fractures, allowing the use of stronger implants 
of larger diameter and offering a higher chance 
of undisturbed healing. The solid, so-called j 
“unreamed” nail is presently preferred to the b) 

external fixator as the implant of choice for most 

open tibial fractures [10] (see chapter 3.3.1). 


Fig. 4.8.2-8: Positioning for V = © 
intramedullary nailing of tibia. = i 


a) On a fracture table. [ 


b) On a radiolucent table, knee 

fully flexed. re 
c) On a padded knee support, 

flexed as far as possible. c) / 


For intramedullary nailing without reaming, 
the size of the medullary canal must be carefully 
measured in order to choose the correct nail 
diameter. Similarly careful measurement of the 
solid nail length is needed. This is more difficult 
as no guide wire for direct measurement is avail- 
able; a ruler is used instead (see chapter 3.3.1). 


3.3 Surgical anatomy and 
approach 


As the proximal nail entry point is not in line 
with the medullary canal in the sagittal plane, 
its exact position varies depending on the nail 
design and nail stiffness. The recommendations 
for the different types of nails must therefore 
be carefully considered. Generally, in the frontal 
plane the entry point, which should remain 
extra-articular, must be centered over the canal, 
especially if there is a short proximal fragment. 
Eccentric nail insertion will result in a valgus or 
varus tilt of the proximal fragment. 


Fig. 4.8.2-9: Longitudinal 
approach for intramedullary 
nailing: 

a) patellar tendon splitting, 
b) medial to the tendon. 


The safest incision is therefore the one di- 
rectly in line with the patellar ligament, which 
is split in the middle and gently held apart (Fig. 
4.8.2-9a). Some authors prefer to go medial to 
the patellar ligament (Fig. 4.8.2-9b) in order not 
to violate it. This may result in an eccentric 
starting point if not monitored by fluoroscopy. 
A lateral parapatellar incision is suggested as an 
alternative to assure proper insertion in proxi- 
mal fractures, as the medullary canal tends to 
align to the lateral side of the tibia. 

The locking bolts are usually inserted from 
the medial aspect or in an AP direction. During 
distal locking the saphenous vein and nerve can 
be injured if care is not taken to avoid them. 


3.4 Reduction techniques 


A diaphyseal fracture of the tibia can be reduced 
for nailing in a variety of ways: on a fracture 
table, manually, with percutaneous forceps, 
with the large distractor, or with an extra wide 
tourniquet. The fracture table gives excellent leg 
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control and x-ray access, but is usually not 
really necessary as it adds considerable time and 
expense to the procedure. Once the leg is draped, 
a fresh fracture can often be reduced by manual 
traction, while the reaming rod or nail is passed 
across the fracture gap. If little or no traction is 
needed, percutaneously placed pointed reduc- 
tion clamps or an extra wide tourniquet can 
reduce and hold the fracture for nail insertion 
(Video AO20149Ba). However, no reaming should 
be done with the tourniquet inflated. Good 
axial alignment prior to nail insertion is impor- 
tant when using the solid unreamed nail, as this 
relatively thin implant will not accomplish the 
fracture reduction “automatically” as can be the 
case with an universal tibial nail (Fig. 4.8.2-10). 
In delayed cases with some shortening, the 
distractor is most useful to gain length. The appli- 
cation of the distractor is shown in Fig. 4.8.2-11. 
Depending on which side it is applied, care must 
be taken to avoid varus or valgus deformation. 

The most difficult part is determining 
the correct rotation. Keys to this are matching 
of cortical thickness on x-rays, placement of 
pointed fragments in correct position, and 
ensuring that the tension lines of the skin are 
not “twisted”. In severely comminuted fractures 
it is advisable to prepare the opposite leg to 
allow intraoperative comparison of length and 
rotation. 


Getting rotation right is difficult. | 


Fig. 4.8.2-10: Reduction of a displaced 
transverse fracture with a reamed universal 
tibial nail that tightly fits into the medullary 
/ canal. 


| 
42-A3 | 


Fig. 4.8.2-11: Reduction by 
the large distractor with 
correction of length, axial 
and rotational alignment 
prior to nailing. 


42-Cl 


Fig. 4.8.2-12: Segmental 
42-C1 fracture stabilized 
with 9 mm unreamed 
solid tibial nail (UTN). 


3.5 Choice of implant 


The nails are either solid or cannulated. Reamed 
and unreamed nails are, in essence, similar 
implants which splint the bone from within; the 
difference lies in the technique of insertion. 
Reamed nails are tubular and tend to be used with 
a larger diameter. They have a long, proven re- 
cord of success and are to be favored for closed 
fractures and non-unions. Unreamed nails are solid 
(UTN) or cannulated and are smaller (8-10 mm). 
They are becoming more popular for open frac- 
tures and are gaining some use in closed frac- 


tures with considerable soft-tissue involvement 
or Video A020149Bb/A020139e (Fig. 4.8.2-12) (Video AO20149Bb/A020139e). 
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Interlocking is mandatory for 
small diameter nails. 
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Interlocking of the nail with bolts is manda- 
tory for small diameter nails to enhance their 
stability in a wide medullary canal. Interlocking 
is recommended in all other situations unless 
the nail has achieved excellent endosteal contact 
above and below a stable mid-diaphyseal 
fracture. The amount of reaming should be 
adjusted to ensure that the nail will pass the 
narrow isthmus easily on one side and to permit 
the insertion of a large enough nail to provide 
stability on the other. In most cases, this means 
a nail of 11-12 mm in acute fractures. In delayed 
unions or non-unions, even larger nails are 
required for better stability. 

As interlocking can inhibit 
or prevent beneficial fracture 
loading, it is suggested that, 
depending on the fracture 
type, only dynamic locking is 
performed. In statically locked 
nails dynamization is rarely 
required unless there is de- 
layed union of the hyper- 
trophic type at 4—6 months. If 
there is an atrophic or poorly 
vascularized healing response, 
other methods of stimulating 
fracture union are necessary. 

In distal fractures that also 
involve the fibula it is advis- 
able [11] to fix it with a one- 
third tubular plate to add to 
stability and assure the re- 
duction (Fig. 4.8.2-13). 


Fig. 4.8.2-13: In the case of a 
distal both-bone fracture, a one- 
third tubular plate in the fibula 
may help to control alignment of 
tibial fragment. 


3.6 Tricks and hints for 
medullary nailing 


See chapter 3.3.1. 


3.7 Postoperative 
management 


The leg is elevated for the first few days until 
swelling has subsided and the patient is com- 
fortable with active ankle and knee movement. 
The timing of weight bearing depends on the 
fracture pattern and patient compliance. In 
axially stable fractures fixed with a large nail, 
immediate weight bearing as tolerated is 
allowed. In axially unstable fracture patterns, 
partial weight bearing with 20-25 kg is begun 
immediately, while full weight bearing should 
be reached within 8-10 weeks. If by that time 
the fracture is not showing any callus and the 
patient complains of pain, the nail must either 
be dynamised and may even need to be ex- 
changed. 


3.8 Pitfalls and 
complications 


About 30% of patients will have some knee 
pain which is usually due to an inappropriate 
nail entry point. A nail left proud can cause 
considerable irritation of the patellar ligament. 
Any incision about the anterior aspect of the 
knee usually leads to pain and discomfort, espe- 
cially in kneeling. 

Breakage of interlocking screws is not un- 
common, especially with the use of smaller 
nails and in open fractures where the time to 
union takes longer. One of the features of 
closed nailing is the high rate of union and the 


low incidence of infection; therefore, these 
complications are not separately considered in 
this chapter. 


4 External fixation 


External fixation is advocated in severe open 
fractures (Gustillo grades 3b and 3c), open 
fractures involving bone loss, and fractures 
where other implants, such as plates and nails, 
would remain exposed. External fixation is, 
furthermore, indicated in life-threatening 
polytrauma situations where the fractures 
must be stabilized expediently with no 
additional insult to the patient. External 
fixation can also be applied as an adjunct to 
internal fixation (lateral bridge plate—medial 
external fixator) or as a joint bridging device. 
In all these situations external fixation is in- 
tended to provide temporary fixation, to be 
followed by some means of internal fixation. 


4.1 Surgical anatomy 


In the tibia the pertinent anatomy for external 
fixation concerns the “safe zones” through which 
half pins, transfixing pins, or Schanz screws can 
be placed without involving muscles, tendons, 
nerves, or vessels [12]. The zones for half pins 
are an arc of about 220° proximally, 140° in the 
diaphysis, and 120° distally (see chapter 3.3.3). 
For transfixation, only thin (1.8-2 mm) wires 
that can be placed in a wider range should be 
used. 


4.2 Preoperative planning 


The main purpose of external fixation is to 
provide stable conditions for safe soft-tissue 
healing, and wound control on a temporary 
basis. The construct of the frame should there- 
fore be as simple as possible, allowing full access 
to the wound, including the possibility of sec- 
ondary soft-tissue procedures such as grafts, 
flaps, and free tissue transfer, as well as defini- 
tive internal fixation if desired. 

To save time it may be advisable to pre- 
assemble the different components of the frame 
before its application. 


4.3 Reduction techniques 


The external fixator can be applied after re- 
duction of a fracture, as described for plating 
or nailing. The external fixator can also be 
used as a reduction tool, especially if the tube- 
to-tube principle is applied (Fig. 4.8.2-14) (see 
chapter 3.3.3). 


4.4 Choice of implant 


In most situations the unilateral half pin frame 
will be the best choice for diaphyseal fractures. 
Circular frames with tensioned thin wires, in- 
cluding the hybrid frame, are useful in fractures 
that involve the proximal and distal tibia, as 
they allow stable fixation close to a joint with- 
out impairing joint movement. If the use of an 
intramedullary nail is planned at a later stage, 
it may be possible to apply a pinless fixator as 
a temporary device—see chapter 3.3.3. 


External fixation is useful in 
severe open fractures or 
polytrauma. 
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With external fixation, the surgeon can build 4.5 Tricks and hints 
a custom-made device almost without limits. To 
increase stability there are several options, such For detailed instructions on application of the 


as: external fixator, see chapter 3.3.3. 
e spreading the pins as far apart as In case of severe soft-tissue compromise it 
possible, will be helpful to add a pin in the first meta- 
e increasing the number of pins, tarsal with the foot at a 90° angle, to prevent 
e decreasing the distance between bar plantar flexion contracture (Fig. 4.8.2-15). As an 
and bone, alternative a footplate can be attached to the 
e adding a second bar, frame to hold the foot in neutral position. 


e adding a second frame to build a 
V-construct. 
Too much rigidity may delay fracture healing 
due to a lack of loading at the fracture site. 


42-C1.1 


Fig. 4.8.2-14: Example of a 42-C1.1 Fig. 4.8.2-15: To prevent plantar-flexion contracture of 
fracture stabilized by external fixator with the foot, a pin may be placed in the first metatarsal and 
tube-to-tube clamps. connected to main frame by a single bar. 


4.6 Postoperative care 


This will vary considerably, depending on the 
treatment plan and the soft-tissue conditions. 
If external fixation is considered as the defini- 
tive device, weight bearing starting at 10-15 kg 
should be encouraged early, as in plate fixation. 
As soon as callus formation is visible and once 
there are no clinical signs of instability, the 
patient can start to bear full weight. After re- 
moval of the external fixator, it may be prudent 
to protect the leg temporarily in a splint or 
brace. 

When, as more frequently happens, the plan 
is to replace external by internal fixation, the 
timing of the second surgery becomes impor- 
tant, especially if intramedullary nailing is being 
considered. The interval between initial applica- 
tion of the fixator and the nailing should not 
be any longer than 14 days because the danger 
of pin-track infection appears to increase 
considerably after that time. Any signs of pin 
track irritation should preclude replacement of 
the fixator by a nail or even a plate. 

The patient has to be shown how to take 
care of the pin sites by regular cleaning and the 
application of sterile dressings. 


4.7 Pitfalls and 
complications 


As already mentioned, pin site infection and pin 
loosening are the problems most frequently 
encountered with external fixation. The two 
are usually related and either can give rise to 
the other. Almost always they indicate insta- 
bility of the entire construct. Loose or infected 
pins must therefore be repositioned and oral 
antibiotics may sometimes be required. 

External fixation constructions that are too 
rigid can lead to delayed union, as the necessary 
loading of the fracture is missing. Therefore, 
sequential reduction of the rigidity of a frame, 
equivalent to dynamization of a nail, may be 
advisable. 


5 Conclusions 


In diaphyseal fractures of the tibia there are 
different, well-established treatment modalities 
[13]. Each one has its special indications, advan- 
tages, and disadvantages, and each technique 
must be correctly applied to obtain success. 
Although the intramedullary nail has gained 
much popularity, not least thanks to the smaller 
solid nails inserted without reaming, the pen- 
dulum presently seems to be swinging back in 
favor of the plate, especially in the proximal and 
distal third of the bone, where more “biological” 
approaches are applied. Now, more than ever, 
the state of the soft-tissue cover governs which 
fixation device should be used. 
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Fig. 4.8.2-16 

a) Complex fracture of tibial diaphysis (42-C1.1) 
with distal fracture of fibula. 

b) Postoperative view after fixation of the fibula 
with one-third tubular plate and of the tibia with a 
statically locked 8 mm solid tibial nail (UTN). 

c) One year follow-up. 


a) Complex fracture of distal segment of the tibia 
(42-C1.3) not readily amenable to intramedullary 
nailing. 

b) Postoperative view after plating with narrow 
LC-DCP 4.5 of the tibia and one-third tubular 
plate of the fibula. 

c) One year follow-up with good functional result. 
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Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/482.htm 
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1 Assessment of fractures 
and soft tissues 


Diagnosis 


1.1.1 History and clinical 


examination 


The outcome of pilon fractures depends on 
the quality of reconstruction of the joint 
[1] and on how well the soft tissues recover. 
Knowledge of the mechanism of injury is most 
important. Low-energy trauma (e.g., skiing) 
usually leads to simpler fracture patterns with 
minimal soft-tissue injury, while high-energy 
trauma with axial compression (fall from height, 
road traffic accident) produces complex intra- 
articular fractures with metaphyseal impaction 
and bone loss [2]. There may be contused or 
crushed soft tissues or an open injury. The 
clinical assessment has to include the state of 
the soft parts as well as the sensory and motor 
function of the foot structures [3]. Special 
attention has to be given to the early signs of a 
compartment syndrome. Grossly displaced or 
dislocated fractures must be reduced imme- 
diately. 


Tibia: distal (pilon) 


1.1.2 X-ray examination/ 
classification 


Standard antero-posterior and lateral x-rays are 
taken, but in complex fractures more infor- 
mation about the tibio-talar joint is necessary. 
Conventional tomography in two planes or a 
CT scan with 3-D reconstruction may be used. 
MRI-studies are rarely required at this stage; 
later, they may be informative about vascularity 
of the bone and vitality of the cartilage. All 
fractures are classified according to the AO 
Miller Classification (Fig. 4.8.3-1). 


A Surgical anatomy 


Bone structures and 
ligaments 


2.1 


The ankle joint, formed by the distal ends of 
tibia and fibula, as well as the talus, including 
joint-capsule and ligaments, is considered a 
functional entity (Fig. 4.8.3-2). Any incon- 
gruency between components (length, axis, and 


Outcome depends on quality 
of articular reconstruction and 
on soft-tissue conditions. 


43-Al 43-B2.2 43-C3 


Fig. 4.8.3-1: AO Miller Classification 
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Complex fractures require 
open reduction. 


Soft-tissue conditions govern 
choice of procedure. 


An excessive surgical exposure 
may endanger the vascularity 
of the distal tibia. 
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rotation) or an unduly broad ankle mortise will 
lead to local overload, frequently resulting in 
cartilage degeneration and posttraumatic osteo- 
arthritis [4-9]. 

The distal fibula, as the most important 
structure of the ankle joint, is held in the notch 
of the tibia by the interosseous membrane and 
the anterior and posterior tibiofibular ligaments. 
In pilon fractures involving both bones, the 
syndesmotic ligaments per se are usually intact 
[1, 10], but often avulsed from the tibia with 
minor or major tibial fragments (Tilleaux-Chaput 
tubercle). However, the fibulotalar ligaments 
may be torn, especially in that type of varus 
injury where the fibula remains intact. The 
deltoid ligaments are nearly always intact, 
permitting indirect reduction by ligamentotaxis 
in selected cases. 


2.2 Blood supply 


The distal fibula is supplied by branches of the 
peroneal artery, the distal tibia by branches of 
the anterior and posterior tibial arteries. 
Too extensive a surgical exposure may 
endanger the anteromedial portion of 
the tibia; and in the older age group with 
vulnerable blood vessels, the injury itself may 
already have put the local vascularity at risk. 


3 Preoperative planning 


General remarks and 
indication for surgery 


3.1 


As is the case with most displaced articular 
fractures, exact reconstruction of the distal end 
of the tibia is best achieved by open reduction 
and internal fixation (ORIF). While simple 
fracture patterns might be managed non-oper- 
atively or by minimally invasive procedures, 
complex fractures almost always require 
open surgery. From a technical point of view, 
the majority of displaced pilon fractures are 
salvageable by ORIF [2]. Exceptions are se- 
verely shattered fractures, where the only 
solution may be a (preferably) secondary fusion 
[11]. The soft-tissue conditions usually 
determine the choice of procedure, which 
is based on the individual situation and not 
necessarily on general principles [12, 13]. One of 
the more important factors for success appears 
to be the experience of the surgeon. 


3.2 Choice of procedure 


Reconstruction may be achieved by a one-stage 
open procedure, embracing the traditional four 
principles [1] (Fig. 4.8.3-3): 


1. Reconstruction of the fibula. 
Reconstruction of the tibial joint 
surface. 

3. Autogenous cancellous or cortico- 
cancellous bone graft. 

4 Support by buttress plate (medial/ 
anterior—see section 4). 
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A | —________, | 
Fig. 4.8.3-2: Surgical anatomy and standard approaches. 
a) a) Antero-medial incision for tibia. 

1 Anterior border of tibia 

2 Medial malleolus 

3 Ankle joint (talocrural joint) 
4 Saphenous nerve 

b) b) Postero-lateral incision for fibula. 


1 Peroneal nerve 

2 Lateral calcaneal branches of 
peroneal nerve 

3 Lateral dorsal cutaneous nerve 

Intermediate dorsal cutaneous 

nerve 

Lateral malleolus 

“Tubercle of Chaput” 

Anterior talofibular ligament 

Calcaneofibular ligament 

Lateral talocalcaneal ligament 


oOmon nau 


Between the two incisions a 
broad bridge of healthy tissue 
must be preserved. 


542 


With critical soft-tissue 
conditions, staged surgery may 
be advisable. 
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In cases with critical soft-tissue injuries as 
well as in open fractures, it may be advisable 
to proceed in sequential steps with several 
options [11-15] (Fig. 4.8.3-4): 


First stage options: 

e temporary joint bridging external 
fixator (tibia to talus/calcaneus), 

e fibular reconstruction and bridging 
external fixator, 

e fibular reconstruction and hybrid ring 
fixator, 

¢ combination of K-wires/cannulated 
screws and external fixator. 


Second stage: 
¢ completion by ORIF. 


postoperative aspect 
in AP view 


In case of a large soft-tissue defect the plastic 
surgeons must be involved as early as possible. 
In very complex fractures with extensive damage 
to metaphyseal bone as well as to soft tissue, 
primary shortening may, exceptionally, be an 
alternative to salvage. This will then require 
secondary lengthening (e.g., proximal distraction) 
later [13]. 


Fig 4.8.3-3: Standard reconstruction of a 
43-C3.1 fracture respecting the four 
traditional principles (see text). In most 
cases, the standard procedure is used with: 
* reconstruction of the fibula (4-hole or 
5-hole one-third tubular plate), 
* reconstruction of the tibial joint surface, 
* autogenous cancellous bone graft and 
buttress plate for the tibia (cloverleaf 
plate 3.5 medially). 


postoperative 
lateral view 


A 
EF 1 
ial 


Fig. 4.8.3-4: Alternative procedure with hybrid ring fixator: 
In cases with severe soft-tissue injuries as well as open 
fractures, a hybrid ring fixator for the tibia may be used in 
combination with standard plating of the fibula. As 
definitive treatment, this technique is only suitable for 
simple articular fractures, which can be reduced 
anatomically by indirect reduction techniques and fixed 
by percutaneous lag screws. In complex fractures an 
anatomical and stable reconstruction of the articular bloc 
usually requires ORIF. 


3.3 Timing of surgery 


The best time for surgery is determined by 
the soft-tissue conditions. They must permit 
2-3 hours of surgery. Only simple fractures with 
minimal soft-tissue injury may be definitively 
stabilized within the first 6-8 hours [3, 10]. 

For open fractures, the general principles 
require initial wound débridement, usually com- 
bined with some sort of preliminary external 
fixation as already mentioned, while definitive 
reconstruction of bone and soft tissue (see 
below) follows at a later date [13, 14]. 

For all other fractures we prefer to delay 
surgery for 7-10 days [3]. Until the soft-tissue 
edema is gone and the skin begins to wrinkle, 
calcaneal traction or a joint bridging external 
fixator should be used with limb elevated. This 
also allows for a detailed radiological assess- 
ment (tomography or CT scan) and careful pre- 
operative planning on paper. 


3.4 Planning of reduction 
techniques 


Preoperative planning is an essential part 
of the treatment of pilon fractures [3]. It consists 
of careful study of the x-rays, drawings both of 
the fracture fragments and the desired end 
result, consideration of intraoperative reduction 
techniques, as well as the choice of implants 
(see chapter 2.4). Once we have drawn and 
outlined all the fragments of the fibula and tibia 
in two planes, the following questions have to 
be answered: 


1. Can we follow the classical principles or 
not? 

2. Do we need a bone graft: cancellous, 
corticocancellous, etc.? 
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Soft-tissue conditions dictate 
timing and type of surgery. 


Careful planning is mandatory. | 


80% of type C fractures 
require a bone graft. 
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The cloverleaf plate is the 
standard implant for the tibia. 
One or two one-third tubular 
plates or LC-DCP 3.5 are often 
preferable. 
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3. Is there a lateral key fragment in 
conjunction with the anterior syndes- 
mosis that should be fixed separately 
(percutaneous cannulated screw)? 

4. Are screws alone sufficient or do we 
need buttressing? If so, which size plate 
and in which position? 

Finally, we draw the reconstructed distal tibia 
and fibula with the implants and define the 
sequence of the different steps of the operation. 


3.5 Positioning 


For surgery, the patient lies supine on a radio- 
lucent table. After preparation of the entire limb 
including the ipsilateral iliac crest, the leg is 
placed on a pad. This permits rotation for better 
access both to the medial and lateral sides. A 
sterile tourniquet is applied to the thigh, but 
inflated only if necessary. 


3.6 Approaches 


We approach the fibula by a straight or slightly 
curved incision posterior to the fibular crest 
(Fig. 4.8.3-2b). Care must be taken not to dam- 
age the superficial peroneal nerve. 

In the tibia we use the standard approach 
[10] (Fig. 4.8.3-2a) for all type A, B, and C frac- 
tures with an anteromedial fracture localiza- 
tion: The incision runs initially in a straight line 
lateral to the tibial crest, curving medially over 
the ankle joint in the direction of the tip of the 
medial malleolus. Between the postero-lateral 
incision over the fibula and the anterior one for 


the tibia there should be a distance of at least 
6-7 cm to preserve the vascularity of the 
anterior skin bridge. The incision should go 
straight down to the bone to avoid superficial 
skin flaps. Minimal exposure and careful hand- 
ling of the periosteum are essential to avoid 
further vascular damage of the bone fragments. 
The tibiotalar joint is opened in the same ver- 
tical (sagittal) direction. A transverse incision of 
the anterior capsule to expose the joint creates 
the risk of devascularization of the anterior 
fragments (e.g., branches of the anterior tibial 
artery). 


3.7 Choice of implants 


The standard implant for the fibula is the one- 
third tubular plate, which can be applied either 
on the lateral aspect or on the posterior crest 
of the fibula in an antiglide position. A complex 
fracture may warrant the stronger LC-DCP 3.5. 
In the rare situation of severe lateral soft-tissue 
damage, an intramedullary pin, inserted from 
the tip of the fibula, may be a useful option, but 
it does not control rotation [10]. 

For the tibia, the standard implant is the 
cloverleaf plate, which is placed on the 
medial or anterior aspect of the distal tibia 
in buttress mode. An alternative choice is to 
use one or two one-third tubular plates or 
LC-DCP 3.5 anteriorly and medially, which 
allow a more individual indirect reduction, for 
example, push-pull technique in different planes 
(Fig. 4.8.3-6a/b). Plate-independent screws, (3.5 
or 4.5 mm) regular or cannulated, are often 
required for additional fixation of the tibial joint 
bloc. 


4 Surgical treatment— 
= tricks and hints 


4.1 Standard technique in 
four steps 


4.1.1 Fibula 


A simple fracture of the fibula is reduced di- 
rectly with reduction forceps and is stabilized by 
a 4-hole or 5-hole one-third tubular plate in a 
lateral (Video AO20160a) or dorsal antiglide 
position (Fig. 4.8.3-5a/b). This first step usually 
reduces the lateral “key fragment” of the tibia 
automatically to its correct position and length. 

A complex fracture is reduced indirectly by 
the push-pull technique or with the small 
distractor. It is essential to achieve the correct 
length, rotation, and axis. For stabilization we 
advocate long bridging plates. 
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Fig. 4.8.3-5a-e: Illustration of the different operative steps. 
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a) Preoperative situation: Fracture type 43-C2. 


1 
2 


UN 


The four principles 


Reconstruction of fibula 
Reconstruction of articular 
surface of tibia 

Bone autograft 
Buttressing with plate(s) 


Te Video AO20160a b) After anatomical reduction of the fibula using a 5-hole 


one-third tubular plate, correct length and position of the 
lateral “key” fragment of the tibia are obtained. 
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Temporary K-wires keep the 
fragments aligned. 


Use talus as mold to restore 
anatomical congruence of 
articular fragments. 
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4.1.2 Tibial articular surface 


In complex cases with several articular frag- 
ments and considerable metaphyseal impaction, 
it may be helpful to apply an external joint- 
bridging distraction device (small distractor, 
external fixator) medially to get a preliminary 
indirect reduction of length and axis. Alterna- 
tively a transverse Schanz screw through the 
talus or calcaneus can help the reduction ma- 
neuver. 

Following the standard anteromedial ap- 
proach (Fig. 4.8.3-2a), the tibial articular bloc is 
reduced by a combination of direct and indirect 
techniques. Anterior and medial fragments may 
be retracted by a pointed hook or a small bone 
spreader in order to obtain a view into the joint. 
This brings the central and posterior fragments 
clearly into view. The posterior fragment, often 
a key to reduction, may need to be derotated, 
something best done by a K-wire used as a 
“joystick”. An impactor or elevator reduces 
impacted fragments. All articular fragments 
are lined up one after the other using the 
talus as a mold to restore anatomical con- 
gruence. Once aligned, the fragments are held 
in position by a pointed reduction forceps and/ 
or preliminary K-wires (Video AO20160b), pre- 
ferably those compatible with cannulated screws. 
These K-wires must be inserted parallel to the 
joint surface so as to allow subsequent inter- 
fragmentary compression without creating 
articular steps (Fig. 4.8.3-5c). Another key frag- 
ment, the anterolateral edge of the tibia, which 
is usually joined by the intact anterior syn- 
desmotic ligament, must be perfectly aligned 
(Fig. 4.8.3-5b/c). Ideally this is done through a 
separate stab incision avoiding the anterior 
tibial artery. The preliminary reduction must be 
checked by x-ray or image intensifier before 


Fig. 4.8.3-5c/d: c) Reduction of the articular bloc and 
preliminary fixation with 1.2 mm K-wires which, if 
required, can be replaced by 3.5 mm cannulated screws. 


d) A bicorticocancellous bone graft fills the metaphyseal 
bone defect. Alternatively autogenous cancellous graft 
(or bone substitutes) may be used. 


Fig. 4.8.3-5e: Tibial stabilization by an anterior as well as 
a medial LC-DCP 3.5 in buttress function. In addition, 

a lag screw was used to fix the anterolateral fragment, 
which is connected to the anterior syndesmosis. 


definitive stabilization is started. Wherever 
possible, anatomical reconstruction and stable 
fixation by interfragmentary lag screws should 
be achieved, thus permitting early motion and 
good outcome. 


4.1.3 Bone grafting 


In all cases with articular impaction and/or 
a metaphyseal bone defect (B2, B3, C2, C3 
fractures) the latter has to be filled up, pre- 
ferably by an autogenous bone graft or bone 
substitute. Usually the graft is applied prior to 
the buttress plate, which will then be placed 
over this zone. Sometimes it is easier to fix the 
plate first to keep the main fragments in an 
anatomically reduced position and only then fill 
the defect. In cases with a marked loss of sub- 
stance or loss of support a bicortico-cancellous 
bone bloc can be used as a strut (Fig. 4.8.3-5d). 


4.1.4 Medial buttressing 


The plate(s), precisely contoured, should be 
placed on the medial and/or anterior aspect of 
the tibia in buttress function depending on the 
site of the main impaction zone, as well as the 
soft-tissue conditions. The cloverleaf plate 
(Video AO20160c) is usually placed medially 


Video AO20160b 


Ta Video A020160c 


Bone graft all metaphyseal 
defects. 
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Tricks for indirect reduction 
with push-pull technique. 
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Fig. 4.8.3-6: Push-pull technique by one-third tubular plate(s). Axial deviations can 
be corrected indirectly by either a “pull” (a) or a “push” (b) technique using a 
pointed reduction forceps for compression or a small bone spreader for distraction. 


(Fig. 4.8.3-3a/b), where it should be well covered 
by a healthy soft-tissue flap. If placed anteriorly, 
the distal middle tab of this plate can be cut off 
with a strong cutting forceps. Fig. 4.8.3-5e illus- 
trates the position of two LC-DCPs 3.5 on the 
medial and anterior aspects of the tibia respec- 
tively. 


4.1.5 Wound closure 


Before wound closure radiological confirmation 
of joint congruency, length, and axial alignment 
is mandatory. The anterior joint capsule is 
closed, but the anterior tibial fascia is left open 
to prevent a postoperative compartment syn- 
drome. Suction drains are placed medially and 
laterally close to the fracture lines. Finally, the 
skin is sutured paying great attention to 
an atraumatic technique. Should a tension- 
free skin closure not be possible, the lateral 
incision may be left open and covered after 
some days by a split skin graft [10]. 


4.2 Alternative procedures 


In cases with severe bone and soft-tissue in- 
juries, it may be inadvisable or even impossible 
to achieve an anatomical and safe reconstruc- 
tion by the standard procedure described. Alter- 
native methods must therefore be considered. 
Selection of the best procedure has to be made 
on an individual basis [13]. Although there are 
other possibilities, temporary joint bridging by 
external fixation or the application of a hybrid 
ring fixator [16] (Fig. 4.8.3-4) are probably the 
most reliable as already mentioned above. As 
these alternative procedures are usually applied 
in the emergency situation as a first step, defini- 
tive surgery may be planned subsequently. 


5 Postoperative treatment 


With the patient still anaesthetized, a below- 
knee plaster splint is applied in 90° dorsiflexion 
to prevent an equinus position. The injured leg 
is elevated, with physical therapy starting on 
day 1 after removal of the suction drains. After 
5-7 days ambulation is started on two crutches, 
allowing toe-touch partial weight bearing (10- 
15 kg), depending on the quality of fixation and 
reconstruction, as well as on patient compliance. 
A removable patellar-tendon-bearing (PTB) 
walking caliper may be adopted after the swell- 
ing has completely subsided (after 2-3 weeks) 
and is to be used for 2-3 months [1]. Full 
weight bearing may be started after 8-10 weeks, 
depending on radiological fracture consolida- 
tion, as well as on the clinical follow-up. In 
cases with extensive articular comminution or 
needing large bone grafts, definitive consoli- 
dation may take up to 4-5 months. 


6 Pitfalls and complications 


6.1 Pitfalls 


The most important steps to prevent pitfalls 
and complications are careful preoperative 
planning, including correct timing of the 
operation, and the perioperative handling 
of the soft tissue. Many of these factors are 
hard to describe and are mostly a question of 
personal experience. Complex pilon fractures 
should therefore be treated by the most 
experienced surgeons and are not the do- 
main of junior staff. 


Atraumatic skin closure is 
crucial. Any tension is to be 
avoided. 


Planning, timing, and careful 
soft-tissue handling are essential 
to prevent complications. 


The more complex the 
fracture, the more need for an 
experienced surgeon. 
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Most complications stem from 
soft-tissue problems. 
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6.2 Complications 


Many complications can follow operative treat- 
ment of pilon injuries [16, 17]. Most stem from 
soft-tissue problems such as wound dehiscence 
and skin necrosis with superficial infection. The 
literature reports ranges of between 10-35%. 
There is also a strong correlation with the 
mechanism and energy of the injury (extent of 
soft-tissue damage), as well as the surgeon’s 
experience. If management is not timely and 
adequate (wound revision, antibiotics, free 
tissue transfer), the early complications (osteitis, 
septic arthritis) can become disastrous with 


Pitfalls 
Correct preoperative planning, but not 
strictly adhered to during surgery. 


Wrong timing: operation too soon after 
trauma. 


Incorrect reconstruction of fibula (too 
short, malrotation, axial deviation). 


Persistent intra-articular dislocations 
(gaps > 2 mm, steps > 1 mm). 


Anterolateral tibial key fragment not 
anatomically reduced and fixed. 


Insufficient bone graft in metaphyseal 
defect. 


Too early partial or full weight bearing, 
poor patient compliance. 


deep infection (2-30%) resulting in early 
arthrodesis or even amputation. 

Delayed and/or non-unions occur in 0-22% 
of cases and are strongly dependent upon frac- 
ture pattern and the stability achieved. The 
greater the comminution and impaction, the 
higher the risk of non-union [10]. An adequate 
primary bone graft in the defect can prevent 
some of the metaphyseal delayed unions, but 
other non-unions, especially of borderline 
articular fragments, are due to a vascular de- 
ficiency resulting from the trauma itself or too 
wide a surgical exposure (Table 4.8.3-1). 


Complications 


Incorrect reconstruction with deformity, 
non-union, osteoarthritis. 


Wound-healing problems (skin necrosis 
and/or infection). 


Deformity (valgus, varus), prevention of 
correct tibial reduction. 


Articular incongruency with posttraumatic 
osteoarthritis. 


Too wide ankle mortise with posttraumatic 
osteoarthritis. 


Secondary collapse of articular surface, 
delayed union. 


Implant loosening and/or failure with 
deformity and/or non-union. 


Table 4.8.3-1: Main pitfalls and the resulting complications in operated pilon fractures. 


Author 


Riiedi, 
Allgéwer [1] 


Heim [9] 


Beck [18] 


Muhr, 
Breitfuss [17] 


Nast-Kolb, 
et al. [19] 


Tornetta, 
et al. [20] 


Rommens, 
et al. [11] 


Bastian, 
et al. [21] 


Sommer, 
Rüedi [8] 


Publ. 


year 


1969 


1991 


1993 


1993 


1993 


1993 


1994 


1995 


1999 


No. of cases 


78 (B-/C-Fx) 


187 (B-Fx) 
167 (C1/2-Fx) 
311 

380 


229 


54 


17 (B-/C-Fx) 


45 (-STI)* 


36 (+STI)* 


51 (B-/C-Fx) 


112 (B-/C-Fx) 


ORIF 


82 


most 


182 


11 


44 
22 


15 


106 


MIO 


47 


43 


14 


36 


Wound 
healing 
problems* 


10 (12%) 


3 (27%) 
6 (14%) 


5 (11%) 
5 (14%) 


5 (33%) 
8 (22%) 


1 (1%) 


Deep 
infection 


4 (4.8%) 


21 (6.7%) 
9 (2.5%) 


13% 
4.8% 


5% 


3 (6.7%) 
8 (22.2%) 


5 (10%) 


Delayed 
non-union 


1 
14 (8.4%) 


6 (1.6%) 


2 (3.6%) 


4 (9%) 
9 (25%) 


4 (3.6%) 


* Wound-healing problems = wound dehiscence, skin necrosis, superficial infection. -STI = without soft-tissue injury. +STI = with soft- 


tissue injury. MIO = Minimally Invasive Osteosynthesis. 


Table 4.8.3-2: Complications following the operative treatment of intra-articular pilon fractures 


(some selected publications). 
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There is a strong correlation 
between anatomical 
reconstruction and functional 
outcome. 
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F: Results 


Three main factors influence results after pilon 
fractures: 

e the impact (energy) of injury reflected 
in the fracture and soft-tissue classifi- 
cation [12, 15], 

e the surgeon’s abilities and experience, 

e the patient (compliance, general 
condition, vascular status, etc.). 

It is very difficult to compare results from 
different publications. The patient groups vary 
greatly (rate and grade of soft-tissue injury, 
percentage of complex fractures) as do the 
operative procedures between the traditional 
ORIF, purely percutaneous techniques, and 
combinations of both. 

As in other articular fractures, good func- 
tional results can be observed in 60-80% of 


patients [1, 12, 18, 20-22]. Furthermore, there 
seems to be a direct correlation between 
a correct anatomical reconstruction of the 
ankle joint and a good outcome even over 
a prolonged period of time [7-9]. On the 
other hand, radiological appearance does not 
necessarily reflect the clinical and functional 
results. Ankle fusions are seldom necessary 
(3-27%) and are mostly related to cases with 
osteitis/arthritis [14] (Table 4.8.3-2). The best 
functional results can be achieved in patients 
with high compliance, more often seen in self- 
employed, sport-active, and socially integrated 
people (Table 4.8.3-3). In our consecutive series 
of 112 patients the functional result after 1 year 
was good in 74.5% and improved after an 
average of 10 years (80.9%), although the 
degree of radiographic osteoarthritis increased 


[8]. 


Fig. 4.8.3-7a: 

Male, 30 years of age. 
43-C2 fracture, AP and 
lateral view. 


Author 


Rüedi, 
Allgöwer [1] 


Rüedi [5] 


Heim [9] 


Beck [18] 


Muhr, 
Breitfuss [17] 


Nast-Kolb, 
et al. [19] 


Tornetta, 
et al. [20] 


Helfet, 
et al. [23] 


Rommens, 
et al. [11] 


Bastian, 
et al. [21] 


Sommer, 
Rüedi [8] 


Publ. 


year 


1969 


1973 


1991 


1993 


1993 


1993 


1993 


1994 


1994 


1995 


1999 


ORIF/ No. of 
MIO cases 
ORIF 82 
ORIF 82 
mostly 289 
ORIF (B-Fx) 
391 
(C-Fx) 
380 
ORIF 
MIO 
ORIF 
MIO 
MIO 
ORIF 
MIO 
81 
ORIF 71 
MIO 
ORIF 77 


No. of 
follow-up 
cases 


78 


54 


187 


213 


256 


182 


15 
36 


13 (B-Fx) 
34 (C-Fx) 


Follow-up Severe 


time 
(years) 


1 


7.5 


1-4 


1-3.5 


1.4 


1.3 


10 


osteo- 


30 (10.4%) 


82 (20.9%) 


6 (43%) 
5 (18%) 


3 (4.2%) 
7 (19.1%) 


2 (15.4%) 
3 (8.8%) 


Table 4.8.3-3: Late results in operatively treated intra-articular pilon fractures. 


Arthro- 
desis 


4 (4%) 


7 (13%) 
1 


6 (3%) 


34 (18%) 
3 (6%) 


2 (3%) 
4 (27%) 
8 (22%) 


0 
1 (3%) 


Good/ 
very good 


results 


59 (70%) 


46 (85%) 


209 (82%) 


71.7% 


12 (70%) 


21 (62%) 


41 (64%) 


11 (84.6%) 
27 (79.4%) 
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Postoperative view after 
fixation of fibula by a one- 
third tubular plate and of 
the tibia by two DCPs 3.5, 
AP and lateral. 


One year follow-up with 
good functional result, AP 
and lateral. 
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9 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/483.htm 
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David M. Hahn @ Chris L. Colton 


1 Introduction 


The ankle joint may be damaged either by 
direct or, more commonly, by indirect rota- 
tional, translational, and axial forces. These 
result in subluxation or dislocation of the talus 
out of the ankle mortise, usually associated with 
a fracture complex. 

Malleolar injuries are articular fractures. The 
treatment aims at restoring normal joint anat- 
omy and providing sufficient stability for early 
movement. While stable undisplaced fracture 
patterns can be treated by closed methods, ana- 
tomical restoration and stable fixation of the 
unstable displaced fracture is best achieved by 
open reduction and internal fixation. 

The decision to operate is not based on the 
fracture pattern alone. The ankle joint is sub- 
stantially subcutaneous and so the condition of 
the soft-tissue envelope is of paramount impor- 
tance. Patient factors such as age, diabetes, 
and osteoporosis may alter the indications and 
fixation techniques for this fracture. 


Malleolar fractures 


2 Functional anatomy and 
biomechanics 


Stability of the osseoligamentous mortise relies 
both on the bony configuration and on the 
osseoligamentous system. The bony mortise 
consists of the articulation of three bones: the 
distal aspect of the tibia, the distal aspect of the 
fibula, and the talus. The main articulation is 
between the saddle-shaped dome of the talus 
and the tibial plafond. The talus also has impor- 
tant medial and lateral facets, which articulate 
with the respective malleoli. 

The bony components of the ankle are stabi- 
lized by two ligamentous complexes: 


1) Inferior tibiofibular complex (“syndesmosis”) 
The distal tibia and fibula are held together to 
provide a tight elastic ankle mortise and this 
syndesmotic bond consists of three elements: 

e The anterior syndesmotic (anterior tibio- 
fibular) ligament joins the anterior tibial 
tubercle (tubercle of Tillaux-Chaput) to 
the lateral malleolus (Fig. 4.9-1a). 

e The posterior syndesmotic (posterior 
tibiofibular) ligament is stronger and 
joins the lateral malleolus to the 
posterior tibial tubercle (Fig. 4.9-1b). 


Most malleolar fractures result 
from indirect forces. 
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¢ The interosseous ligament binds the 2) The collateral ligaments prevent varus-valgus 
tibia to the fibula in the incisura tilting of the talus in the ankle mortise and 
fibularis, and is continuous with the include the following: 
interosseous membrane proximal to The lateral ligament complex which has three 
the syndesmotic ligaments. distinct elements: 


¢ The anterior talofibular ligament 
originates from the anterior border of 
the fibula and inserts onto the lateral 
aspect of the talar head and neck. 
¢ The calcaneofibular ligament originates 
at the tip of the fibula and runs 
posteriorly and distally deep to the 
peroneal tendons to insert onto the 
calcaneus. 
¢ The posterior talofibular ligament 
originates from the posterior aspect of 
the distal fibula and inserts posteriorly 
onto the talus (Fig. 4.9-2a). 
The medial collateral ligament complex, or 
deltoid ligament, has two portions: 
e the superficial, fan-shaped tibio- 
calcaneal ligament, and 
¢ the deep anterior and posterior 
tal-otibial ligaments (Fig.4.9-2b). 


a) 


Fig. 4.9-1: The anatomy of the tibiofibular ligaments. a) 
a) Anterior view showing the anterior tibiofibular 
ligament and the anterior tibial tubercle of Tillaux- 
Chaput. 

b) Posterior view showing the posterior tibiofibular 
ligament. 


Fig. 4.9-2: The collateral ligaments. 
a) The lateral ligament complex: 

1) calcaneofibular, 

2) anterior and posterior talofibular, 

3) anterior and posterior syndesmotic. 
b) The medial ligament complex or deltoid 
ligament. 


2.1 Mortise congruity 


The talus remains in close contact with the 
entire articular surface of the mortise in all 
positions of dorsiflexion and plantar flex- 
ion. This intimate contact is important for even 
distribution of the load at the ankle [1] and 
must be restored after injury. Biomechanical 
studies have shown that, rather than the ankles 
moving as a hinge, this congruity is maintained 
in all positions of dorsiflexion and plantar flex- 
ion by a combination of sliding and rotating of 
the talus, coupled with translational movement 
of the fibula [2, 3]. 

Plantar flexion of the ankle is accompanied 
by internal rotation of the talus; dorsiflexion 
results in external rotation of the talus and 
combined posterolateral translation and ex- 
ternal rotation of the fibula. This fibular motion 
at the syndesmosis is an essential part of the 
normal ankle function. 

The total congruity of the articulation is the 
most important element in protecting the thin 
articular cartilage of the ankle from high mean 
stress and secondary degeneration. Small dis- 
turbances of this congruity reduce the con- 
tact area and thereby overload the articular 
cartilage [4, 5]. 


3 Pathogenesis/ 
~ mechanism of injury: 
the basis of classification 


The position of the foot and the direction of the 
deforming force dictate the pattern of failure of 
the osseoligamentous mortise. The position of 
the foot determines which structures are tight 
at the onset of the deformation, and therefore 


most likely to fail first. If the foot is supinated 
(inverted), the lateral structures are tight and 
the medial structures relaxed. By contrast, in 
pronation (everted), the medial structures are 
tight and fail first. The deforming force can be 
rotational, usually external, or translational in 
abduction or adduction. The resulting specific 
fracture patterns of the lateral malleolus form 
the basis for the classification (Fig. 4.9-3). 


3.1 The infrasyndesmotic 
injury (type A) 
(see Fig. 4.9-9) 


With the foot supinated and an adduction de- 
forming force applied to the talus, the first 
injury will occur on the lateral side, which is 
under tension. This may be either rupture of the 
lateral ligament, osseoligamentous avulsion or 
transverse fracture of the lateral malleolus, 
at or just below the level of the tibial pla- 
fond (Fig. 4.9-4a). If the deforming force then 
continues, the talus tilts and this causes a 
shearing compression fracture of the medial 
malleolus (Fig. 4.9-4b). 


3.2 The transsyndesmotic 
injury (type B) 
(see Fig. 4.9-10) 


The commonest pattern of injury occurs 
with axial loading of a supinated foot. By 
virtue of the obliquity of the axis, about which 
subtalar movement occurs, inversion results in 
external rotation of the talus (Fig. 4.9-5). Firstly, 
the fibula fails producing an oblique fracture, 
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The talus remains in contact 
throughout the range of ankle 
movement. 


44-B3 


Fig. 4.9-3: AO Miller Classification 


Type A fractures: 
Transverse fracture of the 
lateral malleolus, at or just 
below the level of the 
ankle joint. 


Small disturbances of 
congruity overload articular 
cartilage. 


Type B fractures: 

The commonest pattern of 
injury occurs with axial loading 
of the supinated foot. 


562 4.9 Malleolar fractures—D.M. Hahn, C.L. Colton 


(i) (ii) 


b) 
(ili) 
= >7 


Fig. 4.9-4: Sequence of morphological changes giving 
rise to type A fractures. 


a) Failure in tension of the lateral side with the foot b) Medial injury resulting from forced talar adduction. 
supinated ane 7 a force applied: With failure of the lateral side plus vertical axial load, the 
C) rupture of the lateral ligament talus tilts causing a shearing, compression fracture of the 
(it) osseoligamentous avulsion medial malleaine 


(iii) transverse fibular fracture 


Fig. 4.9-5: a) The axis about which movement takes b) This causes the subtalar joint to act as a torque 
place at the subtalar joint, is angled an average 42° converter, similar to an angled hinge, so that as the os 
above the horizontal and 16° medially. calcis inverts, the talus is caused to rotate externally. 
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Fig. 4.9-6: Sequence of morphological changes giving 
rise to type B fractures. Failure of lateral side with foot 
in supination, resulting in violent talar external rotation. 
a) The first injury is an oblique fracture of the fibula 
starting at the level of the ankle joint and passing 
posteriorly. This may be a non-displaced crack fracture 
if the deforming force ceases at this point. 

b) Progressive talar rotation causes posterior displace- 
ment of the fibular fracture. 


starting at the level of the ankle joint and 
extending proximally from anterior to posterior 
(Fig.4.9-6a). Progressive talar external rotation 
causes posterior displacement resulting in either 
an injury to the posterior syndesmotic ligament 
or fracture of the posterior malleolus. Finally, 
as the talus subluxates posteriorly, the medial 
complex fails either by rupture of the deltoid 
ligament or by a transverse fracture of the 
medial malleolus (Fig. 4.9-6c). 


© Further talar rotation results in a fracture of the 
posterior articular lip of the tibia (Volkmann’s fracture) 
and as the talus leaves the mortise posteriorly, medial 
failure (malleolar fracture or deltoid ligament rupture) 
occurs as the final event of the sequence. 


3.3 The suprasyndesmotic 
injury (type C) 


(see Fig. 4.9-11) 


A third type of injury occurs when the foot is 
in pronation, the medial structures are under 
tension (Fig. 4.9-7), and an external rotation 
force is applied. The first injury will occur on 
the tensioned medial side in the form of a 
deltoid ligament rupture or a medial malleolar 
avulsion fracture. This allows the medial side of 
the talus to translate anteriorly. As the talus 
rotates externally, it forces the fibula to twist 
about its vertical axis. This results a rupture of 
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Ligamentous injuries can be 
inferred from the fracture 
pattern. 
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Fig. 4.9-7: Sequence of morphological 
changes giving rise to type C fractures. 
Mechanism of failure with the foot in 
pronation and external rotation force applied. 


the anterior syndesmotic ligament and then of 
the interosseous ligament. At this point the tibia 
dislocates medially off the rotating talus, forcing 
separation (diastasis) of the fibula from 
the tibia. This causes failure of the posterior 
syndesmotic ligament (or rarely, avulsion of the 
posterior malleolus), and finally an indirect 
fracture of the shaft of the fibula, the level of 
which depends on how far proximally of the 
interosseous membrane it ruptures (Fig. 4.9-8). 

The AO Müller Classification is based on 
the ability to recognize and describe the x-ray 
appearance of the fracture pattern. Obviously, 
ligament complexes are not seen on x-rays, 
and so to understand fully the anatomy of the 
injury, one needs to be able to infer the 
ligamentous injuries from the fracture 
pattern. 


j 


a) The first injury is failure of the 
medial side with deltoid ligament 
rupture or medial malleolar fracture. 
This allows the talus to move 
anteriorly as it laterally rotates. 

b) Finally the fibula fractures 
proximal to the syndesmosis. 


b) 


p 


Fig. 4.9-8: The fibula is caused to rotate 
and to translate laterally, causing failure 
of the syndesmotic ligaments. 
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Fig. 4-9-9: Type A (44-A1.3) Fig. 4.9-10: Type B (44-B1.3) 

Transverse avulsion fracture of the fibula at or below the Oblique fracture of the distal fibula passing 
level of the ankle joint can be associated with a shear upwards and backwards from the level of 
fracture of the medial malleolus and impaction of tibial the tibial plafond. As the talus continues to 
plafond medially. rotate, the fibular fracture displaces 


posteriorly. The posterolateral corner of the 
tibia may fracture (Volkmann's triangle). 
The medial side may be either intact or a 
rupture of the deltoid ligament, or a 
transverse fracture of the medial malleolus 
is present. 


Fig. 4.9-11: Type C (44-C1.3) 

Medial failure occurs first, either as a 
deltoid ligament rupture or an avulsion 
fracture of the medial malleolus. 

The inferior tibiofibular ligaments tear 
as the syndesmosis opens up from 
anteriorly, due to the external rotation 
and lateral translation of the fibula. 
Indirect fibular fracture then occurs 
above the syndesmosis. 

a) The anterior syndesmotic ligament 
may fail by avulsion either of the 
anterior tibial tubercle (of Tillaux- 
Chaput), or 

b) of its fibular attachment . 

c) Rarely does a posterior tibial lip 
fracture accompany this injury 
complex. 
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Malleolar fractures have a 
special code in the AO Miiller 
Classification. 


Widening of the medial joint 
space indicates instability of 
the mortise. 
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A transverse fibular fracture below the level 
of the ankle joint implies an adduction injury 
with the syndesmotic ligament remaining in- 
tact. With foot supination and talar external 
rotation, the fibular fracture is oblique and 
starts anteriorly at the level of the ankle joint 
with possible partial disruption of the anterior 
syndesmotic complex (Fig. 4.9-10). The interos- 
seous membrane, as a rule, remains intact. The 
posterior syndesmotic complex is either intact 
or detached in continuity with a fracture of the 
posterior tibial lip (Volkmann’s triangle). 

An indirect fibular shaft fracture, not ex- 
tending below the syndesmotic ligaments, im- 
plies that both the medial and syndesmotic 
complexes have been disrupted and there is 
likely to be major instability. The interosseous 
membrane, from the ankle joint proximally to 
at least the level of the fibular fracture, and the 
syndesmotic ligaments are ruptured through 
their substance or avulsed with their bony 
attachments. Although this is the common and 
potentially more serious implication of this 
pattern, a suprasyndesmotic spiral fracture may 
occur from a purely external rotation of 
the fibula. This will disrupt only the anterior 
tibiofibular ligament, resulting in a more stable 
pattern as the fibula rotates externally on the 
intact interosseous membrane and posterior 
tibiofibular ligament. 

On this basis, the three main types of ankle 
fractures described may be classified according 
to the level of the fibular fracture as A, B, and 
C with increasing instability of the mortise. This 
is the basis of the AO Müller Classification of 
malleolar fractures. 

The unique nature of the complexity of 
malleolar fractures and their necessary dis- 
tinction from vertical compression injuries 
of the tibial pilon require the allocation to 
them of a special code. As an exception to 


the rest of the AO Miiller Classification, a 
regional code 4 is used. Malleolar fractures 
are therefore categorized as 44, 

For deeper levels of the malleolar classifica- 
tion, refer to “The Comprehensive Classification 
of Fractures of Long Bones” [6] and/or “The AO 
Electronic Long Bone Fracture Classification” 


[7]. 


4 Fracture assessment 
and decision making 


Three radiographic views of the ankle are re- 
quired. These are the anterioposterior view, the 
AP view obtained in 20° of internal rotation to 
bring the transmalleolar axis parallel to 
the plate (mortise view) and the lateral view. 
Shortening of the fibula is best appreciated by 
a step in the alignment of the subchondral 
plates of the tibial plafond and the lateral 
malleolus (Fig. 4.9-12a/a’). The talocrural angle 
is 83° + 4° and if greater or lesser indicates 
instability or displacement of the mortise. 
The joint space between the talus and plafond 
should equal the space between the medial 
malleolus and medial talus. Widening of the 
medial space is indicative of mortise dis- 
placement. The lateral view demonstrates the 
pattern of fibular fracture and any anterior or 
posterior translation of the talus. 

CT scanning is rarely required for malleolar 
fractures. 

Stress films or views are only useful in the 
fully anesthetized patient and when compared 
to the normal side (Fig. 4.9-12b/c). 


Fig. 4.9-12: Evaluation of the x-rays. 


a) The normal ankle articulation with the foot in 20° of internal rotation: the joint space is of equal width throughout. The line of the 
subchondral plate of the tibial plafond, projected over the gap, is continuous with that of the lateral malleolus without a step. 

a’) Even the slightest shortening of the fibula can be recognized radiologically as a step in the alignment of the subchondral plates 
of the tibial plafond and the lateral malleolus. Lateral shift of the talus and consequent widening of the medial joint space are seen. 
a”) Same case as a’) after lengthening osteotomy of the fibula, the joint congruency is re-established. 


b) AP stress x-ray of the ankle joint. Note the 
10° varus tilt of the talus. This denotes that 
the important calcaneofibular ligament is 
injured, in addition to the anterior talofibular 
ligament. 


c) Anterior subluxation of the talus seen on lateral view 
with anterior stress applied to the hindfoot. A difference 
between the injured and uninjured ankles of 3 mm or 
more in the height of the joint space is pathognomonic 
of an injury of the anterior talofibular ligament. 
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Ankle mortise incongruity is 
poorly tolerated and causes 
abnormal loads on cartilage. 


Timing of surgery is dictated by 
the state of the soft tissues. 
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4.1 Operative vs. non- 
operative treatment 


The decision whether an ankle fracture requires 
open reduction and internal fixation should be 
based on how best the normal anatomy can be 
restored and stability maintained. Ankle mor- 
tise incongruity is poorly tolerated and 
leads to abnormal loads on the articular 
cartilage. 

Isolated infrasyndesmotic (type A) fractures 
of the distal fibula that do not involve the medial 
side may well be stable and capable of being 
treated non-operatively. 

Isolated non-displaced transsyndesmotic 
(type B) fractures of the lateral malleolus that 
do not involve the medial side can be treated 
non-operatively, provided that the ankle mortise 
remains congruent [8, 9]. The determination of 
whether the deltoid ligament has been disrupted 
relies upon clinical findings of tenderness on 
the medial side. If this is associated with evi- 
dence of a displaced mortise, then treatment 
should be operative stabilization of the fibula. 
All displaced ankle injuries are likely to be 
unstable and accurate anatomical reduction 
can usually only be secured by open reduction 
and stable internal fixation. 


4.2 Preoperative planning 


The discipline of preoperative planning for any 
fracture involves consideration of the timing of 
surgery, the choice of incision, and the selection 
of implants. It may involve graphic planning 
with the use of implant templates from a pre- 
operative planning kit. The standard implants 
required for the vast majority of malleolar frac- 
tures are in the small fragment set. A tension 
band wiring set should also be available. 


Tracing out of fracture fragments and their 
reduction, using the techniques illustrated in 
the planning chapter, is often extremely useful 
when dealing with malleolar fractures. The 
length of the fibular plate and placement of lag 
screws can be planned preoperatively and their 
availability ensured before starting the opera- 
tion. 


4.3 Timing of surgery 


The ideal time for surgery to the ankle is before 
any true swelling or fracture blisters have devel- 
oped. The initial swelling is due to hematoma 
formation and not to edema. The techniques of 
open reduction and internal fixation often re- 
lease this hematoma and allow primary closure 
without tension of the surgical wound. How- 
ever, it is accepted that in many situations it is 
not always possible to operate before soft tissues 
become compromised. Timing of surgery is 
then dictated by the state of the soft tissues. 
In the presence of intradermal edema (peau 
d’orange), marked subcutaneous edema, or 
fracture blisters it is strongly advisable that 
surgery be delayed until the soft-tissue con- 
dition has improved. In this event, the fracture 
is reduced by gentle manipulation and immobi- 
lized in a well-padded plaster splint with the leg 
then elevated. Surgery is postponed until the 
soft-tissue injury has resolved. This is evidenced 
by resolution of fracture blisters, epitheliali- 
zation of abrasions, and the presence of the 
wrinkle sign at the operative site (skin wrinkles 
normally if ankle is inverted or everted). 


Pesi Surgical techniques 


5.1 Patient position 


The patient is positioned supine with a sandbag 
underneath the buttock of the affected side. 
This allows the foot to lie in neutral position and 
prevents the normal external rotation of the leg 
in the anesthetized patient. The lower leg can 
then be placed on a foam block with the knee 
flexed to 30°. This allows ease of simultaneous 
access to both the medial and lateral sides. The 
use of a tourniquet is advised, unless otherwise 
contra-indicated. 

For ease of access to the posteromedial aspect 
of the distal tibia it is sometimes helpful to place 
a sandbag beneath the opposite buttock and 
to rest the injured ankle on the opposite 
shin (with appropriate padding) in the figure-4 
position. 

Occasionally the prone position on bolsters 
will allow access by the posterior approach to 
the posterior malleolus, particularly if it is a 
large fragment or comminuted and requiring 
buttressing. The approach to the medial malleo- 
lus is more difficult in this position but can be 
done safely. 


5.2 Posterior approach 


The incision is between the Achilles tendon and 
the peroneal tendons. The sural nerve must be 
avoided. Dissection is continued through the 
posterior fat pad and on to the posterior aspect 
of the tibia. Flexor hallucis longus is medial and 
protects the posterior tibial artery and nerve. The 
fracture is easily identified and reduced. By 
internally rotating the leg and using a posterio- 
medial incision, the medial malleolus is exposed. 


5.3 Choice of incision 
(Fig. 4.9-13) 


5.3.1 Lateral side 


The skin incision on the lateral side is placed so 
that the minimum of soft-tissue dissection needs 
to be carried out to obtain reduction and fixa- 
tion. If a lateral plate is required for the fibula, 
then the incision may be placed slightly ante- 
riorly so that on skin closure the plate does not 
lie immediately beneath the surgical incision. 
Care should be taken not to damage the super- 
ficial fibular nerve that runs anteriorly to the 
fibula (Fig. 4.9-13a). A more posterior incision 
can be used either if a posterior plate is to be 
placed on the fibula or if access is required to 
the posterolateral corner of the tibia. Such an 
incision must avoid damage to the sural nerve. 


5.3.2 Medial side 


The standard medial incision runs either poste- 
rior or anterior to the malleolus. The saphenous 
vein and nerve should be protected (Fig. 4.9-13b). 


6 Steps in open reduction 
and internal fixation 


In most instances the first step in fixation is 
reconstruction of the fibula. Soft-tissue dissec- 
tion should be kept to a minimum, but in simple 
fractures minimal exposure of the fracture lines 
is necessary to allow anatomical reduction and 
provisional stabilization with pointed reduction 
forceps or K-wires. Occasionally the medial side 
must be exposed prior to definitive stabilization 
because the deltoid ligament or an osteochon- 
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dral fragment may be interposed, preventing 6.1 Infrasyndesmotic fibular 
full reduction. Inability to reduce the fibula is fractures: type 44-Al1.3 


a clue to the need to open the medial side. 
If fixation has been delayed for reasons of malleolar fractures 


soft-tissue recovery, the fracture planes must be 
meticulously cleared of organized blood clot Where the whole lateral malleolus is avulsed 
prior to reduction. with a transverse fracture line, it is reduced and 


| 
a) | 
b) 
A 
~ N 
Fig. 4.9-13: Incisions: b) Lateral side: Incision is placed 
a) Medial side: The incision runs slightly slightly posterior to the fibula, taking 
= posterior to the medial malleolus in line with care not to damage either the 
the tibia, curving anteriorly distally to form a superficial fibular nerve or the sural 
“J” incision. Care is to be taken to avoid the nerve. An anteromedial incision may 


saphenous vein and saphenous nerve. be used, especially in type A injuries. 


may be stabilized by a one-third tubular plate 
functioning as a tension band (Fig. 4.9-14a). A 
tension band wiring technique or a retrograde 
screw, inserted up the fibular medullary canal, 
may also be used when the lateral failure is of 
the osseoligamentous type. With avulsion of 
only the tip of the lateral malleolus, tension 
band wiring is used (Video AO00068a), supple- 
mented by ligamentous suture where appro- 
priate (Fig. 4.9-14b). 

If the lateral injury is a rupture of the lateral 
ligament complex, this should be sutured only 
if the ankle is unstable and a reduction cannot 
be maintained (Fig. 4.9-14c). 

The next step is to expose the medial 
malleolus from anteromedially and clear 


Fig. 4.9-14: Type A fracture—typical internal fixation: 

a) Where the bone is of good quality, a large lateral 
malleolar fragment may be fixed with a well-contoured 
one-third tubular plate under slight compression, 
functioning as a tension band. 

b) An avulsion fragment of the lateral malleolus is first 
stabilized with two K-wires and then fixed under 
compression by means of a tension band wire loop. 


c) A rupture of the lateral collateral ligament complex 
may be sutured. 

d) Posteromedial fragments associated with type A3 
fractures are rare. They always lie next to the medial 
malleolar fragment. Such fragments may be exposed, 
reduced, and fixed with small cancellous bone screws 
from a posteromedial direction. 
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any entrapped periosteum from between the 
fracture surfaces. The anterior capsule is often 
torn and this permits an excellent view of the 
intra-articular portion of the fracture. Small 
bone fragments can be removed, but larger 
fragments should be preserved. The surface of 
the tibial plafond at the medial corner should 
be inspected by hinging open the fracture plane 
anteriorly. Any impaction fracture is reduced 
and bone grafted. 

In an adduction fracture the main fracture 
line of the medial malleolus is often vertical or 
oblique and is on the compression side of the 
injury (the tension being on the lateral side). 
Tension band wiring techniques are not suitable 
for these compression fractures. 

Once reduction is complete and held pro- 
visionally with K-wires, definitive fixation is 
achieved by lag screws placed perpendicular to 
the main fracture plane. Application of a but- 
tressing washer or a short (two or three holes) 
one-third tubular plate at the apex of this frac- 
ture will improve the stability of the construct. 


ge Video A000069a 


6.2 Transsyndesmotic fibular 
fractures: type 44-B1.3 
malleolar fractures 


The fibular fracture is usually oblique, running 
from distal anterior to proximal posterior. The 
lateral malleolus is usually shifted proximally, 
displaced posteriorly, and externally rotated. 
Inspection of the dome of the talus may be 
possible through the fracture itself and any loose 
chondral flakes can be removed manually or by 
irrigation. Dissection of the distal lateral mal- 
leolus is kept to a minimum. Reduction of the 
simple, short oblique fracture of the lateral mal- 
leolus is best achieved with gentle traction and 
internal rotation of the foot. Pointed reduction 
forceps can then be applied across the fracture 
for temporary stabilization. 

If reduction is difficult, it may occasionally 
be because the tip of the proximal fibular frag- 
ment can fracture and swing, on a pedicle of 
fibers of the anterior tibiofibular ligament, into 
the fracture gap. This is not always obvious 
and must be sought and extracted before the 
reduction is completed. 

The accuracy of reduction can be assessed by 
inspecting the anterior edge of the fibula at the 
level of the anterior syndesmosis. To achieve 
definitive fixation, 3.5 mm cortex lag screws are 
placed from anterior to posterior. A one-third 
tubular plate contoured to the lateral aspect of 
the fibula acts as a neutralization plate (Video 
AQ00069a). Care must be taken when placing 
the screws in the distal lateral malleolus to ensure 
that the articular surface is not penetrated. The 
metaphyseal bone of the lateral malleolus is 
often quite soft and better purchase of the screws 
can be achieved either by inserting cortex screws 
without tapping or by the use of untapped fully 
threaded cancellous bone screws (Fig. 4.9-15a). 


6.3 Posterior “anti-glide” 
plate 


(Fig. 4.9-15b) 


The main deformity of the lateral malleolus 
with a type B fracture is of external rotation, 
posterior displacement, and proximal shift. 
Reduction of this fragment is often maintained 
by pushing the distal fragment from posteriorly, 
while at the same time reducing the external 
rotation deformity. If the fracture of the lateral 
malleolus is not simple and does not lend itself 
to stabilization with lag screws, a one-third 
tubular plate can be placed posteriorly on the 
fibula as a buttress, resisting the posterior dis- 
placement [10]. Occasionally, a lag screw can 
be incorporated through the plate. If this tech- 
nique is to be used, the incision should be 
placed more posteriorly to allow access to the 
posterior edge of the fibula. Usually a 5-hole or 
6-hole one-third tubular plate is applied to the 
posterior aspect of the fibular so that it covers 
the proximal apex of the fracture. The plate is 
straight and either clamped to the fibula prox- 
imally or attached with a screw through the 
most proximal hole. The screw just proximal to 
the fracture is now inserted and this forces the 
straight plate to push the distal fragment along 
the oblique fracture surface, effecting a re- 
duction and stability. A reduction forceps on the 
tip of the fibula is helpful in controlling rotation 
during plate application. The remaining screws 
are then inserted and a lag screw can be in- 
serted through the plate (Video AO00069b). 


6.4 Medial side 


Injuries of the deltoid ligament do not require 
routine exploration. However, if after reduction 
of the fibular fracture the intraoperative films 
or x-rays show that the medial joint space 
remains widened, or if there are difficulties with 
accurate reduction of the fibular fracture, the 
medial side should be explored. On occasions, 
the medial ligament or an osteochondral frag- 
ment will have tucked into the medial joint 
space and must be lifted out. The deltoid liga- 
ment can then be repaired, largely in order to 
prevent its reinterposition postoperatively during 
joint mobilization (Fig. 4.9-15g). 

Very rarely, a block to reduction can arise 
from the entrapment of the tibialis posterior 
tendon within the ankle joint after a severely 
displaced fracture-dislocation. 

Injuries of the medial malleolus in type B 
fractures are usually avulsion fractures caused 
when the talus displaces posteriorly out of the 
mortise. They may extend posteromedially and 
are of variable size. Exposure of the fracture is 
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43-B1 


ventral 
view 


medial view dorsal view 


Fig. 4.9-15: Type B fracture. Typical internal fixation: 

a) The short oblique fracture of the fibula is fixed with a 3.5 mm 
cortex lag screw. This fixation is supplemented with a one-third 
tubular plate functioning as a neutralization plate. 

b) Posterior placement of one-third tubular “anti-glide” plate. 
c/d) The different types of internal fixation of the medial 
malleolus, with a lag screw or a tension band. 

e) A large posterolateral Volkmann's fragment of the tibia is 
carefully reduced and then fixed with a 4.0 mm cancellous bone 
lag screw inserted in an AP direction. 

e’) If the size of the Volkmann's fragment cannot accommodate 
the thread of the cancellous bone screw, a 3.5 mm cortex screw 
can be used as a lag screw. 

f) Alternative fixation with a lag screw inserted from posteriorly. 
g) If exposure of the deltoid ligament becomes necessary 
because of soft-tissue interposition, it should be sutured. 


achieved by a standard medial incision and any 
interposed periosteum is removed from the 
fracture gap to allow accurate reduction. A 
small pointed reduction forceps to grasp the 
medial malleolus and hold it reduced is helpful. 
Temporary stabilization with K-wires is followed 
by definitive stabilization, achieved with a 4.00 mm 
partially threaded cancellous bone lag screw 
(Fig. 4.9-15c). If the fragment is large enough, two 


68° Video A000070a 


parallel screws can be used (Video AQ00068b). 
With smaller fragments, one screw can be com- 
bined with a K-wire (Video AO000070a). The 
screws should only be long enough to allow the 
thread to pass fully beyond the fracture plane. 
Screws of excessive length in the distal tibia gain 
poor purchase in the often sparse cancellous 
bone of the metaphysis, especially in the older 
patient or if fixation is delayed. 

An alternative technique is to use two parallel 
K-wires and a tension band wire (Fig. 4.9-15d). 


6.5 Posterolateral 
fragments or posterior 
malleolar fractures 


The posterolateral corner (Volkmann’s) frag- 
ment in type B or rarely C fractures is often 
displaced along with the lateral malleolus, 
being bound to it by the posterior syndesmotic 
ligament. Accurate reduction of the fibular 
fracture will have reduced some of the upward 
displacement of the posterior fragment, but the 
fracture gap may still remain open. Fragments 
of less than 25% of the articular surface on the 
lateral view need not be stabilized unless there 
is a tendency for the talus to sublux posteriorly. 
Larger fragments can be fixed either by the 
placement of a lag screw through a stab in- 
cision from anterior to posterior (Fig. 4.9-15e) 
(Video AQ00070b) or by direct exposure of the 
posterior fragment through the posterolateral 
incision and insertion of a lag screw from 
posterior to anterior (Fig. 4.9-15f). The latter 
technique requires more dissection but often 
gives a more accurate placement of the screw. 
When using the percutaneous anterior to 
posterior technique, it should be remembered 
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ge Video AO00070b 


that the fragment in a type B fracture will lie 
at the posterolateral corner of the tibia and 
therefore the screw must be directed appro- 
priately (Fig. 4.9-15e). 


6.6 Suprasyndesmotic fibular 
fracture: type 44-C1.3 
malleolar fractures 


(Fig. 4.9-16) 


As in the case of the type A and B fractures, the 
first step in dealing with type C fractures is 
to approach the fibula. The key to successful 
fixation is to restore the length and rotation of 
the fibula. If the fibular fracture is short oblique, 
or spiral, then the fracture can be exposed, 
accurately reduced with the use of reduction 
forceps, and fixed using lag screws and a one- 
third tubular plate (Video AOQ00070c). If the 
fibular fracture, however, is multifragmentary, 
then techniques of indirect reduction should be 


g Video A000070c 


used. There, the best technique is to use the 
plate as a reduction tool. The lateral malleolus 
and fibular shaft distal to the fracture, and the 
proximal fibula above the fracture zone, are 
exposed, but no dissection is carried out around 
the area of comminution. A one-third tubular 
plate is then contoured, remembering that on 
reduction the fibula will effectively be length- 
ened and therefore a long enough plate must 
be chosen. It is advisable to plan this graphically 
before operation. The plate is anchored to the 
distal fibula, spanning the comminuted area. A 
screw is then placed in the fibular shaft proxi- 
mal to the upper end of the plate and the proxi- 
mal end of the plate is secured lightly to the 
fibula with a plate-holding clamp. Using a 
laminar spreader against the screw, the plate is 
pushed distally, thereby lengthening the fibula. 

X-rays are taken to check the accuracy of the 
reduction determined by the correspondence of 
the subchondral plateau of the tibial plafond 
and the lateral malleolus. A preoperative plan 
of the uninjured ankle serves as an intra- 
operative reference. 


The plate can then be anchored proximally, 
with fibular length and orientation restored and 
with the multiple intermediate fragments indi- 
rectly reduced. 

Proximal] fractures, occurring through the 
fibular neck, need not as a rule be exposed, but 
the fibula must be reduced down into its normal 
position in the incisura fibularis by traction, 
using a towel clip or pointed reduction forceps. 
Reduction can then be temporarily held with 
one or two K-wires passed through the fibula 
into the tibia, later to be replaced by definitive 
positioning screw fixation (see below). 

The medial malleolar fractures are reduced 
and fixed using the techniques described above 
for type B fractures. 


6.7 Fibulotibial “syndesmotic” 
positioning screw 


The decision as to whether any further fixa- 
tion is necessary depends on the stability of 
the syndesmosis once the fibular length has 
been restored, the fibula fixed, and the medial 
side reconstructed. The anterior syndesmosis 
can be exposed via the lateral incision. If 
avulsed with the anterior tibial tubercle (Tillaux- 
Chaput) or from the fibula, it can be reduced 
and fixed with a small lag screw. If the anterior 
syndesmotic ligament is torn within its sub- 
stance it may be repaired with sutures. 

Whether any further fibular stabilization is 
then necessary can be determined by the use of 
the hooktest, in which the fibula is grasped with 
bone forceps, or a bone hook, and pulled gently 
laterally to reveal any significant residual fi- 
bulotibial instability. In addition, stress views in 
external rotation must be taken intraoperatively. 
Widening of the medial joint space by more than 
2mm suggests syndesmotic instability. 


If the syndesmosis is unstable, a positioning 
screw should be placed from the fibula into the 
tibia. This screw is introduced obliquely from 
posterior to anterior at an angle of 25-30° and 
parallel to the tibial plafond. It is placed just 
proximal to the fibulotibial joint. As this screw 
is not intended to act as a compressive lag screw, 
the fibula and tibia should both be fully tapped 
and a 3.5 mm cortex screw inserted, while the 
fibula is held, without compression, in its ana- 
tomical relationship to the tibia. 

During the procedure, the foot should be 
maintained in slight dorsiflexion. In this position 
the wider anterior part of the talar body is 
engaged in the mortise to prevent narrowing, 
which can often lead to permanent loss of dorsi- 
flexion, even after screw removal (see below). 

There is no clear agreement on whether one 
or both tibial cortices should be engaged by the 
positioning screw threads. Certainly, if the 
fibular fracture is so high that its direct fixation 
is not possible (as in the Maisonneuve injury), 
then both tibial cortices should be used. Occa- 
sionally, two positioning screws may be needed 
in these circumstances. A further advantage of 
engaging both tibial cortices is that, should a 
positioning screw break in a non-compliant 
patient, the thread fragment can easily be 
removed via a small window in the medial tibial 
cortex. 

Intraoperative check x-rays or image inten- 
sification to confirm the position of the screw 
are advised. 


Stability of the syndesmosis 
determines whether a 
positioning screw is used. 
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Fig. 4.9-16: Typical internal 

fixation for type C fracture. b’) 
a) The fibular shaft fracture is 

reduced and stabilized with a 

one-third tubular plate. The 

small avulsion fracture of the 


medial malleolus is fixed with b/b') A fracture of the midshaft of the fibula is 
two K-wires and a tension band fixed with a plate. The anterior syndesmosis has 
wire loop. The torn anterior been avulsed from its attachment to the lateral 
syndesmotic ligament is then malleolus. This is reduced and fixed with either a 
tested with a small hook. small cancellous bone screw or a transosseous 


wire suture. The ruptured deltoid ligament may be 
sutured. A large posterolateral fragment is rare in 
this injury, but if present is carefully reduced and 
then fixed with a cancellous bone lag screw. This 
restores stability of the ankle mortise. 


c/c’) Not infrequently, a very proximal fibular fracture is not shortened and does not need 
open reduction. It is most important, however, to check very carefully for any shortening 
on an AP of the ankle. Look for any step in the alignment of the subchondral plates of the 
tibial plafond and the lateral malleolus. Any shortening must be corrected. A small c’) 
avulsion fracture of the anterior syndesmotic ligament from the tibia is reduced and fixed 
with a small cancellous bone lag screw. 

Since this injury involves almost the full extent of the interosseous membrane, the fixation 
of the anterior syndesmotic origin may not provide sufficient stability to the ankle mortise 
and a positioning screw is necessary. This will be revealed by the hook test. Two screws 
should be introduced obliquely from back to front at an angle of 25-30”, the thread being 
tapped into both the fibula and the tibia. The avulsion fracture of the medial malleolus is 
fixed under compression, using one or two 4 mm cancellous bone lag screws. Positioning 
screws should be removed at 6-8 weeks. 
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7 Postoperative 
management 


Both medial and lateral wounds are closed 
using fine sutures without tension. The use of 
suction drainage on the lateral side is recom- 
mended. The ankle is rested in a plaster of Paris 
back slab with the foot at 90° to prevent an 
equinus deformity. Where an anatomical re- 
duction of the fibular fracture may not have 
been possible, it is wise to obtain a CT scan 
of the syndesmosis in the early postoperative 
period to exclude malrotation of the fibula [11]. 
The patient is encouraged to start early active 
movement of the toes and, if the wounds 
are satisfactory at 24—48 hours, then active 
mobilization of the ankle can be started under 
skilled supervision. The decision as to whether, 
once active dorsiflexion has been achieved, the 


patient can be left free, or protected in a cast, 
depends on a number of factors. These include 
the stability of fixation achieved by the surgeon, 
the general mobility of the patient, and 


the prospect of compliance with the chosen 
postoperative regime. Studies [12, 13] have 
Fig. 4.9-16: Type C fracture (cont.) shown that the long-term outcome is similar, 
d) Exact anatomical reduction of the fibula into the whether the ankle is immobilized or free during 
fibular notch of the tibia (incisura fibularis) guarantees 6 postoperative weeks. A decision regarding 


a normal ankle mortise. Imperfect reduction with one beani thér i tof tal 
shortening or rotation of the fibula leads to widening walg SANE EIET IMOT OUT OLA caSr eee 


R 


km ; 


of the ankle mortise and valgus tilt of the talus. Even largely depends on the stability of fixation 
small degrees of malreduction are likely to lead to achieved and the cooperation of the patient. No 
posttraumatic degenerative arthritis (see Fig. 4.9-12). problems have been experienced by the authors 


On the left the fibula is shortened and externally 
rotated, resulting in syndesmotic incongruity and 
secondary ankle instability. On the right after 


using a regime of progressive, light weight 
bearing in a cast for 6 weeks, although the 


anatomical reduction of the fibula the fibulotibial return to full activity is more rapid in the early 

relationship is again normal. mobilization-group. At the end of this period, 
active mobilization and full weight bearing can 
be allowed. 


If a syndesmotic screw has been used and the 
patient left free, then it is recommended that 
weight bearing be protected for the first 6-8 weeks. 
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Light weight bearing in a protective cast is 
permissible. 

Controversy exists over syndesmotic screw 
removal. The syndesmotic screw may be 
removed at 6-8 weeks, before return to full 
normal activity. In cases where both the medial 
and syndesmotic failures have been exclusively 
ligamentous, it is advisable to retain the 
positioning screw and restrict full activity for 
10-12 weeks. 

If the positioning screw is not removed, it 
will either erode a wider track through the 
fibula as normal fibulotibial motion occurs, or 
it will break. These possibilities are explained to 
the patients so that they are well aware of the 
postoperative course. 


8 Pitfalls and 
~ complications 


8.1 Soft-tissue problems 


Ankle fractures can swell dramatically within 
hours of injury. If surgery can be performed 
within 6-8 hours, the swelling is almost always 
hematoma and not edema within the tissues. 
Primary closure of the surgical wounds can 
usually be achieved in these instances. If, how- 
ever, this can only be achieved with tension, the 
wound should be left open, absorbent sterile 
dressings applied, and the foot elevated. Careful 
preoperative planning of the placement of the 
incisions should take this possibility into account 
and avoid leaving the implants exposed. At 48 
hours the wounds can be reinspected and very 
often can be closed at that time. 

If edema and blisters have developed, it is 
highly recommended that surgery be delayed for 
up to 4-6 days until the soft tissues are recovering. 


8.2 Open fractures 


The soft-tissue wounds in open fractures of the 
ankle should be dealt with according to the 
surgical principles outlined for all open fractures 
[14] (chapter 5.1). The most common wound in 
open ankle fracture-dislocations is a medial 
transverse laceration. Anatomical reduction and 
stable fixation of the ankle mortise should still 
be achieved in most cases once débridement of 
all open wounds has taken place. Soft-tissue 
wounds should then be left open, although the 
surgical extensions of the débridement may be 
closed primarily, provided all tension is avoided. 
A well-padded, non-adherent, and absorbent 
dressing is applied, followed by limb elevation 
and then a “second look” at 48-72 hours. Defin- 
itive wound closure decisions will take account 
of the principles referred to above. 


8.3 Osteoporotic bone 


Where the bone is osteoporotic, techniques 
already described for the lateral side include the 
use of the anti-glide plate and indirect reduction 
techniques for restoration of the fibular length. 
The use of closed reduction and intramedullary 
fibular fixation in fracture patterns that are 
axially stable may be another alternative for 
osteoporotic bone, in particular if there are 
compromised soft-tissue conditions. On the 
medial side the medial fragment cannot with- 
stand the use of a cancellous bone lag screw and 
therefore K-wire stabilization and tension band 
wiring may be more useful in the B and C 
injuries. 
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Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/49.htm 
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Deborah M. Eastwood 


1 Introduction 


Displaced fractures of the foot can cause 
significant disability if their severity is not 
appreciated and the injury treated inap- 
propriately [1]. The hindfoot is a complex struc- 
ture where bones, joints, and soft tissues inter- 
relate to provide a solid foundation for weight 
bearing. Accordingly, the hindfoot, consisting of 
talus and calcaneus, must be correctly aligned 
with the weight bearing forces and be strong 
enough and high enough to withstand applied 
loads. Since the hindfoot converts rotary tibial 
forces into foot pronation, normal gait depends 
on normal function of the tarsometatarsal and 
metatarsophalangeal joints and the relationship 
of individual bones to each other. 


2 Fractures of the 
calcaneus 


2.1 Assessment of fractures 
and soft tissues 


The calcaneus is the most frequently injured 
tarsal bone and most fractures are intra-articular 
and due to high-velocity injury. The bony anat- 


Foot (calcaneus/talus/metatarsus): 
decision making 


omy of the calcaneus is complex. There are four 
articular facets supported by a corticocancellous 
structure. The posterior part, containing the 
posterior facet of the subtalar joint and the 
middle facet of the sustentaculum tali, is 
separated from the anterior portion of the 
calcaneus by the sinus tarsi and tarsal canal. The 
anterior portion contains the small anterior 
facet of the subtalar joint and a saddle-shaped 
articular surface for the calcaneocuboid joint. 

The calcaneus has an unusual and complex 
shape, the three dimensions of which may be 
difficult to appreciate on 2-D images. Lateral 
and axial plain x-rays are of limited use. The 
lateral view defines Essex-Lopresti joint depres- 
sion and tongue-type injuries. Measurement of 
Bohler’s angle may indicate that significant 
displacement has occurred. The axial view, 
particularly in the injured foot, is unlikely to 
demonstrate the subtalar joint properly. 

The lateral oblique view shows the anterior 
facet and helps identify any other tarsal bone 
fractures. Computed tomographic images 
are essential. Imaging can be performed in 
various planes and the nomenclature of these 
has not been consistent in the literature. True 
coronal views are difficult to obtain and thus, 


583 


Displaced fractures of the foot 
cause significant disability. 


CT scan images are essential. | 
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Fig. 4.10-1: 

a) Position of foot, ankle, and the gantry for coronal CT 
scans of the calcaneum. 

b) Plane of imaging for coronal CT scans of the calcaneum. 
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in most cases, oblique coronal views are ob- 
tained but the position of both the patient and 
the gantry are important (Fig. 4.10-1). Coronal 
scans provide information about both the artic- 
ular and non-articular aspects of the fracture. 
Thus, lateral shift, angulation, and impaction 
of the tuberosity fragment at the medial wall 
fracture site can be gauged, as can disruption of 
the posterior facet articular surface (Fig. 4.10-2). 
Axial scans parallel to the sole of the foot add 
information concerning the calcaneocuboid 
joint, fracture displacement and comminution. 
A three-dimensional appreciation of fracture 
anatomy can be achieved by viewing these 


Fig. 4.10-2: Coronal CT scan of a fracture of the calcaneum 
identifying the lateral joint fragment (UF), the sustenta- 
cular fragment (SF), and the tuberosity or body fragment 
(TF). There is considerable lateral shift, impaction, and 
angulation at the medial wall fracture site and displace- 
ment at the articular surface. 


scans. Formal 3-D reconstructions are not, how- 
ever, particularly useful [2]. In all, five major 
fragments involving two major joints may be 
identified (Fig. 4.10-3) and this is the basis of the 
presently available classification system (OTA) 
(Fig. 4.10-4) [3]. 


i 


Fig. 4.10-3: 

a) Lateral view of a calcaneum showing lateral joint 
fragment (UF), sustentacular fragment (SF), and tuberosity 
or body fragment (TF) in the posterior portion of the 
bone, and the anterolateral (ALF) and anteromedial 
(AMF) fragments anteriorly. The fracture lines define an 
Essex-Lopresti joint depression type injury. 
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b) Superior view of the same calcaneum showing lateral 
joint fragment (UF), sustentacular fragment (SF), and 
tuberosity or body fragment (TF) in the posterior portion 
of the bone, and the anterolateral (ALF) and 
anteromedial (AMF) fragments anteriorly. The fracture 
lines define an Essex-Lopresti joint depression type injury. 


The forces that fracture the calcaneus also 
damage the soft tissues. The medial struc- 
tures are submitted to shear and stretch while 
the plantar surface is compressed. The lateral 
structures are often least damaged. Thus, frac- 
ture blisters occur most frequently on the medial 
side and initially, at least, bruising is most 
apparent on the sole of the foot. In cases of 
calcaneal fractures, compartment syndromes 
are often missed; the diagnosis must be con- 
sidered in all cases of foot injury [4]. 


2.2 Surgical anatomy 


In fractures of the calcaneus there are two com- 
ponents to consider. One is the intra-articular 
displacement, particularly at the posterior facet 
of the subtalar joint, but also anteriorly. The 
other is the non-articular component which 
considers the degree of displacement at the 
medial wall fracture site in terms of loss of 
height, loss of length, and increase in width of 
the calcaneus as well as of varus/valgus angula- 
tion. Strong ligaments attach the susten- 
taculum tali to the talus, and thus the 
sustentacular fragment is often in a rela- 
tively normal position. This is the key to 
reduction and stable internal fixation of 
displaced intra-articular fractures of the 
calcaneus. If the fragment is comminuted, 
stable fixation is difficult to achieve by standard 
methods. The neurovascular bundle runs close 
to the medial wall fracture site and entrapment 
of the bundle and/or the tendon of flexor 
hallucis longus may occur at the time of injury 
or upon reduction. If such displacement or 
angulation is not reduced, there will be a major 
change in the weight bearing alignment of the 
lower limb. 


Soft-tissue injury is always 
considerable. 


73-C2 


Fig. 4.10-4: OTA Classification’ 


Sustentaculum tali is the key 
to reduction and fixation. 
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1 An AO classification of foot fractures 
prepared by the AO Foot and Ankle Expert 
Group is in its final stages of evaluation as 
this volume goes to press. 
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Timing of surgery depends on 
the soft tissues. 


The lateral full-thickness flap 
must be treated gently! 


2.3 Preoperative planning 


Management of displaced intra-articular in- 
juries of the calcaneus has been controversial 
but now that the pathological anatomy is better 
understood, operative treatment is more wide- 
spread and more successful. As with all other 
severe injuries of weight bearing joints, there 
is an argument for considering operative reduc- 
tion and internal fixation within the first few 
hours of fracture. However, such swift access to 
the appropriate imaging is presently only possible 
in some centers. Once imaging has been obtained, 
the timing of any surgical intervention de- 
pends on the degree of swelling and the 
state of the soft tissues. Longer delays between 
injury and operation mean more extensive soft- 
tissue dissection around the displaced fragments 
and greater difficulties with wound closure. 

For unilateral fractures a full lateral position 
is used with the injured foot uppermost. In 
patients with bilateral fractures who have suf- 
ficient external rotation of the hips, a prone 
position is used with the feet lying in external 
rotation. Good quality x-ray screening facilities 
are essential (see Fig. 4.10-8). 

The basic requirements include a small frag- 
ment screw set, K-wires, and a choice of plates, 
one-third tubular, reconstruction 3.5, H-plate, 
or new calcaneal plates. The cannulated screw 
system is helpful. If distraction is required, a 
Steinmann pin or Schanz screw and/or a 
distractor unit may be useful. 


2.4 Surgical treatment— 
tricks and hints 


A lateral incision is preferred and its siting is 
crucial for wound healing (Fig. 4.10-5). The 
distal limb of the L-shaped incision is placed 


4.10 Foot... —D.M. Eastwood 


Fig. 4.10-5: Extended lateral incision. 

The approach begins in the midline posteriorly some 

7 cm proximal to the tip of the fibula. It passes distally 
and slightly anteriorly so that at the level of the tip of the 
fibula it lies just in front of the Achilles tendon. At the 
point of the heel it turns 90° and passes forward along 
the lateral border of the heel as far as the base of the 
fifth metatarsal. In its distal limb, the incision lies below 
the line of demarcation between the bruised area around 
the lateral hindfoot and the unbruised skin on the sole of 
the foot. 


parallel to the sole of the foot in unbruised skin. 
For the junction between the proximal and 
distal limbs a right angle is recommended by 
some, others prefer a curve [2] (Video AO24018a). 
A full-thickness soft-tissue flap is raised which 
will include the peroneal tendons in their sheath 
and possibly small cortical bone fragments. The 
entire lateral wall of the calcaneus should be 
exposed up to the calcaneocuboid joint, taking 
care not to damage the tendon of the peroneus 
longus as it enters the sole of the foot, or the 
sural nerve at either extreme of the exposure. 
The flap must be treated gently to pre- 
serve its vascularity. It may be secured in its 
raised position by placing K-wires into the talar 
neck. Depending on the configuration of the 


a Video AO24018a 


lateral wall of the calcaneus in the region of the 
subtalar joint, the calcaneofibular ligament 
may be readily visible. If not, it is likely that 
the cortical shell of bone obscuring the lateral 
joint fragment will need to be reflected distally 
(Fig. 4.10-6) [2]. The calcaneofibular ligament 
must be divided to allow access to the posterior 
facet of the subtalar joint. The key to reduction 
of the calcaneal fracture is the reduction and 
axial alignment of the tuberosity fragment to 
the sustentaculum/medial wall fragment. It is 
often necessary to dislocate the lateral joint 
fragment on its posterosuperior soft-tissue 
hinge so that the medial wall fracture site and 
the subtalar joint can be seen. A Schanz screw 
inserted into the tuberosity will aid distraction 
while a bone lever may be inserted through 
the fracture to the medial wall in order to 
reduce and realign the fragments (Fig. 4.10-7) 
(Video AO24011a). 

Once the medial wall fracture site has been 
reduced, its position is held with K-wires. The 
articular surface is now reconstituted by re- 
placement of the lateral fragment, and held 


60! Video AO24011a 


Fig. 4.10-6: Coronal CT scan. The lateral cortex of the 
tuberosity fragment “hides” the lateral joint fragment. To 
expose the lateral joint fragment and allow reduction of 
the fracture, the lateral cortex must be reflected. 


587 


588 4.10 Foot... —D.M. Eastwood 
a eT) a SS Ii 


Reduction must be checked by with a K-wire while the reduction is checked 
x-ray. with lateral and axial x-rays. Positioning of 
a) surgeon, patient, and image intensifier is im- 


portant (Fig. 4.10-8). A large bony defect should 
be filled with cancellous autograft. 

Attention is now turned to the anterior part 
of the calcaneus. The anterolateral fragment 
often lies in the sinus tarsi and if operative 
treatment has been delayed, its reduction can be 
difficult without an extensive soft-tissue release. 
This fragment forms the distal half of Gissane’s 
angle and is stabilized with a temporary K-wire. 
If the preoperative images suggest significant 
involvement of the calcaneocuboid joint, this 
must now be inspected and a congruent surface 
restored whenever possible. If the reduction is 
complete and satisfactory on lateral, axial, and 
oblique views, definitive fixation can be com- 


Pryt 
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medial lateral 


Fig. 4.10-7: 

a) Diagram showing insertion of a Schanz screw into the 
tuberosity fragment for distraction of the fracture. 

b) The insertion of a periosteal elevator across the 
fracture to the medial wall may allow disimpaction and 
realignment of the fracture fragments. The lateral joint Fig. 4.10-8: Diagram to show the position of patient, 
fragment has been rotated out of the subtalar joint on its surgeon, and image intensifier for perioperative views of 
soft-tissue hinge. the calcaneum and subtalar joint. 


menced. A 3.5 mm cortex lag screw is inserted 
across the subchondral bone of the posterior 
facet: cannulated screws are easier to insert. 
The screw must be within and not inferior to 
the sustentaculum tali if damage to the delicate 
structures in that region is to be avoided. Once 
the joint reduction is secured, a plate is con- 
toured to conform to the shape of the lateral 
wall while screws through the plate are used to 
stabilize the remaining fracture fragments. The 
choice of plate depends on the fracture 
pattern. Fully threaded cancellous bone screws 
are used posteriorly, while cortex screws are pre- 
ferable anteriorly (Fig. 4.10-9) (Video AO24018b/ 
AOQ24011b). The reduction is again checked in 
both the lateral and axial planes to ensure that 
no angulation into varus has occurred at the 
medial wall fracture site. Careful wound closure 
over a suction drain is performed. 


To Video A024018b/A024011b 
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Fig. 4.10-9: Lateral and axial diagrams of the 
reduction and fixation of a calcaneal fracture 
with a reconstruction plate 3.5. 


Extra-articular fractures of the tuberosity 


These fractures are considered to be avulsion 
injuries and often occur in more osteoporotic 
elderly patients. If significantly displaced, re- 
duction and fixation are required to restore 
normal function of the Achilles tendon. While 
some surgeons favor a percutaneous method of 
reduction and screw fixation, most prefer a 
formal posterolateral approach (the proximal 
limb of the extended lateral incision). A bone 
hook aids reduction, and fixation may be 
either with two cancellous bone screws (4.0 or 
6.5 mm) or by a cerclage wire placed around 
the fragment and through a transverse drill hole 
in the main tuberosity of the calcaneus. All such 
cases require a below knee cast with the foot 
in 10° of equinus and a toe-touching gait. 


Choice of plate depends on 
fracture pattern. 
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Disturbed wound healing 
remains a big concern. 


Secondary subtalar fusion is 
simpler after ORIF than after 
non-operative treatment. 


2.5 Postoperative treatment: 
articular fractures 


Wound healing is a major consideration and the 
limb must rest in the elevated position for much 
of the first 5-7 days. The limb may be supported 
in a well-padded removable plaster splint with 
the foot at 90°. Providing the wound is satis- 
factory, joint mobilization can be commenced 
at 24-48 hours. The patient then mobilizes 
non-weight bearing either without a cast so that 
joint movements can continue, or in a below 
knee cast, depending on patient compliance. In 
most cases, weight bearing can commence at 
4-6 weeks post fixation if clinical and radio- 
graphic union is evident. 


2.6 Pitfalls and 
complications 


Wound healing 


Wound edge necrosis and subsequent in- 
fection are still the major concern following 
operative management of a calcaneal frac- 
ture. Attention to detail in planning and per- 
forming the incision and closure is important. 
If the wound is sited correctly, it will not overlie 
any of the fixation devices and thus, even if 
complete wound closure is not possible, the 
wound edges may be approximated and the 
wound heals by secondary intention. 
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Malunion 


The other major pitfall is a failure to reduce and 
hold the fracture adequately. Large bony defects 
may be due to incomplete reduction or also a 
result of severe comminution. In this situation 
a cancellous autograft is recommended. A 
thorough understanding of fracture anatomy is 
essential before operative treatment, and high- 
quality image intensification is most helpful. If 
there is considerable comminution extending 
into the calcaneocuboid joint, it may be pre- 
ferable to extend the plate fixation across the 
joint to increase stability. 


2.7 Results 


Assessment of hindfoot function is difficult and 
debate continues as to whether emphasis should 
be given preferentially to radiographic features 
or to clinical symptoms. After operative reduc- 
tion and internal fixation, the subtalar joint is 
invariably rather stiff compared to the non- 
injured side, but what movement is present is 
usually comfortable and the patient can wear 
normal shoes. Thus, many patients do retain 
some ability to cope with uneven ground, 
ladders, steps, and even rock climbing. In general, 
results worsen with increasing comminution 
and chondral damage [2, 3, 5]. In cases of 
painful osteoarthritis of the subtalar joint, 
secondary fusion is much simpler than if 
the hindfoot is already well aligned com- 
pared to cases of a non-operatively treated, 
impacted, and widened calcaneus. It would 
appear that the best results are achieved when 
there is anatomical reduction of both the arti- 
cular and non-articular components of the 
fracture [5]. 


3 Fractures of the talus 


3.1 Assessment of fractures 
and soft tissues 


Talar fractures are uncommon and the out- 
come may be poor, with disability due to 
malunion or the development of avascular 
necrosis. Management depends entirely on 
whether or not the fracture is displaced and 
therefore a thorough assessment is essential. 
Standard x-ray views of the hindfoot including 
an AP, a lateral and two oblique films are sup- 
plemented by more specialized views of the 
talar neck or computed tomography. Most signi- 
ficant fractures of the talus affect the neck and 
the classification system most commonly used 
is shown in Table 4.10-1. 

The soft tissues of the hindfoot are vulner- 
able to injury and must be assessed carefully,as 
damage is likely to affect the timing of surgery 
and the choice of incision. 


Table 4.10-1: 


Classification of fractures of the talus [6] 


Type 1.  Non-displaced vertical fracture of the 
talar neck. 

Type 2 Displaced fracture of the talar neck with 
subluxation or dislocation of the subtalar 
joint. 

Type 3 Displaced fracture of the talar neck with 


the dislocation of the body from both 
the subtalar and ankle joints. 


3.2 Surgical anatomy 


The talus is unique in having no muscular 
attachments; 60% of its surface is covered 
by articular cartilage. The vascular supply is 
via the posterior and anterior tibial arteries and 
the peroneal artery, but the area available for 
its entry to the bone is small. There is an anasto- 
mosis between branches from all three of these 
vessels in the tarsal canal inferior to the talar 
neck. The major blood supply thus enters the 
talus posterior to the neck, so isolated neck 
fractures are unlikely to lead to vascular damage. 
The body itself has a rich blood supply. An 
important vessel lies on the inner surface of the 
deltoid ligament, and in many cases of fracture 
it is this artery which maintains viability of the 
talar body. In such instances, the surgical inci- 
sion must not damage the blood supply further, 
keeping the deep fibers of the deltoid ligament 
intact. 


3.3 Preoperative planning 


Fractures of the talus are either displaced or not. 
All displaced fractures must be reduced 
anatomically and stabilized as early as 
possible. Even moderate displacement may be 
associated with considerable pressure on the 
soft tissues and if skin necrosis and vascular 
damage are to be avoided, prompt reduction by 
either closed or open means is essential. Such 
cases represent surgical emergencies, as do 
many Hawkins type 3 fractures that are open 
and where prompt, adequate wound débride- 
ment is an essential first step. 

Hawkins type 2 fractures may respond to 
closed reduction techniques, but type 3 fractures 
rarely do. Closed reduction must not cause 
further damage to the soft tissues. Under general 


The talus has no muscle 
origins, and 60% articular 
cartilage coverage resulting in 
a circumscribed blood supply. 


In talar fractures, outcome may 
be poor due to disability or 
avascular necrosis. 


Displaced fractures must be 
reduced and stabilized as an 
emergency. 
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If closed reduction is not 
successfull, open reduction and 
internal fixation is mandatory. 


Interfragmentary lag screws 
are the method of choice. 


or regional anesthesia with the patient supine, 
traction is applied to the hindfoot and the fore- 
foot is flexed to realign the fracture fragments. 
An image intensifier is essential. If an ana- 
tomical reduction is obtained, fixation may be 
achieved via open or percutaneous insertion of 
screws through the posterior approach. Tempo- 
rary fixation can be achieved with K-wires but 
for permanent fixation screws are required. 

If closed reduction is unsuccessful, open 
reduction must be performed. The choice of 
incision is influenced by the presence of a 
wound, by a medial malleolar fracture and by 
the degree of displacement of the fracture frag- 
ments. The two most popular incisions are the 
anteromedial and the anterolateral. 


3.4 Surgical treatment— 
tricks and hints 


The anterolateral incision minimizes the risk of 
further damage to the talar blood supply. The 
approach is simple and direct. The extensor 
tendons and the neurovascular bundle are 
reflected medially. The capsule of the ankle 
joint has usually been torn and the talar neck 
is readily visible. If further access is needed to 
view the talar body, a transverse fibular osteo- 
tomy (at the level of the ankle mortise) can be 
performed. 

The anteromedial incision is useful when 
the body of the talus is dislocated posteriorly or 
if there is a medial malleolar fracture. If the 
medial malleolus is intact, an osteotomy is per- 
formed, but great care must be taken to ensure 
that the deep fibers of the deltoid ligament are 
not damaged when the malleolus is reflected 
distally. A Steinmann pin inserted into the cal- 
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caneus allows traction to be applied to the hind- 
foot, thus facilitating reduction of the talar body. 
Nevertheless, reduction may take time and 
patience. 

Once reduction has been achieved, careful 
assessment of the subtalar joint must be per- 
formed either under direct vision, or radio- 
graphically, to ensure that the reduction is 
anatomical. K-wires may be used for provisional 
fixation, but only in comminuted fractures are 
they suitable for definitive fixation. Compres- 
sion of the fracture by the insertion of 
two lag screws enhances fracture healing. 
Screws may be either 4.0 or 6.5 mm cancellous 
bone screws or 3.5 mm cortex lag screws. 
If 6.5 mm screws are used, a 4.5 mm drill bit 
for the gliding hole may be recommended. 
The screws should be placed perpendicular 
to the fracture planes and the heads must be 
countersunk to avoid impingement on any 
articular surface (Fig. 4.10-10). Biomechanically, 
screws inserted from posteriorly offer better 
stability [7]. 

Temporary K-wire fixation must hold the 
fracture in the reduced position without inter- 
fering with the definitive fixation. In this respect 
the cannulated screw system is of considerable 
benefit, facilitating the procedure. 

If the medial side is comminuted, the in- 
sertion of a compression screw carries the risks 
of placing the fracture into varus—a common 
finding in cases of malunion. It is therefore es- 
sential that good quality x-rays or a CT scan be 
taken after both temporary and definitive frac- 
ture fixations to confirm the correct reduction. 

Malleolar osteotomies or fractures must be 
reduced anatomically and fixed by standard 
means to ensure joint congruity for an optimal 
outcome. 
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Fig. 4.10-10: b) Anteriorly placed screws may cross 


c) Occasionally, one screw and one K- 
a) Two parallel screws inserted from each other. The entry point is determined wire is the most appropriate method 
posterior are preferred for talar neck by the fracture configuration and the of gaining reduction and stable 
fractures. articular surfaces. fixation. 


Wounds must never be closed under tension, 
although it is preferable to cover joints and 
tendons. If this is not possible, they may remain 
uncovered until definitive plastic surgical pro- 
cedures can be performed. A delayed primary 
wound closure at 5 days is often required. 


Fractures of the talar body and head 


These injuries are less common, but they 
should, whenever possible, be treated similarly 
to the neck fractures by anatomical reduction 
and stable internal fixation to retain congruity 
of the peritalar joints. 


3.5 Postoperative treatment 


The limb is rested in a well-padded plaster splint 
with the foot at 90°. If fixation is satisfactory 
and the joint stable, early motion must be 
encouraged. In unstable cases, a below-knee 
cast is applied for 6-12 weeks. Weight bearing 
may be commenced in type 2 injuries within 
2-4 weeks. Alternatively, a patellar-tendon- 
bearing walking caliper may be applied. Union 
may be delayed due to the relatively tenuous 
blood supply. 
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Injuries to the tarsometatarsal 
joint are most painful and 
prone to later disability. Be 
aware of a compartment 
syndrome. 


3.6 Pitfalls and complications 
Wound breakdown 


The skin of the foot and ankle region is not 
supported by much subcutaneous tissue and 
wound infection and skin necrosis do occur. 
Wounds must be observed closely until healing 
is assured. 


Avascular necrosis 


Technetium bone scans and MRI may help 
identify those fractures in which there is change 
in vascularity. The treatment of a fracture with 
avascular changes is controversial but may 
include protected weight bearing for up to 2 
years in an attempt to prevent collapse during 
renewed vascularization. 


3.7 Results 


A poor outcome is related directly to the degree 
of initial displacement, but even fractures with 
less severe displacement may do surprisingly 
badly. Although all reports endorse the philo- 
sophy of prompt anatomical reduction and 
stable fixation of the fracture, it is important to 
recognize that the outcome also depends on the 
degree of soft-tissue and cartilage damage in- 
curred at the time of injury [8, 9]. 

Delayed union is common but non-union is 
rare. Malunion in varus may occur in up to 
50% of Hawkins type 2 injuries leading to ab- 
normal weight-bearing patterns and strain of 
the subtalar joint. Salvage surgery is successful 
in most cases [8]. 
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4 Tarsometatarsal joint 
injuries 


4.1 Assessment of fractures 
and soft tissues 


With any injury to the foot, even the seemingly 
trivial accidental slip, damage to the tarsometa- 
tarsal (or Lisfranc) joint must be suspected. 
Injuries at this level are renowned not only 
for the immediate, often disabling, pain 
and swelling (compartment syndrome) 
with which they are associated, but also 
for later problems due to alteration in foot 
mechanics and degenerative change. Anat- 
omical reduction with stable fixation of 
the fractures and joint subluxations or 
dislocations is advised. 

Clinically, these feet are usually very swollen 
and painful and the deformity associated with 
any subluxation or dislocation may be hidden 
(Fig. 4.10-11) [10]. A compartment syndrome 
should always be considered. 

Plain x-rays in the AP, lateral and lateral 
oblique planes are essential for full assessment 
of these injuries. The radiological features may 
be subtle and easily overlooked, particularly in 
cases where the subluxation has spontaneously 
reduced and in patients who have more obvious 
injuries that distract attention. Features which 
must be looked for include avulsion fractures 
at the level of the tarsometatarsal joint (the 
fleck sign), and two straight unbroken lines: the 
line which runs along the medial edge of the 
2nd metatarsal base and on to the medial edge 
of the intermediate cuneiform and another 
which follows the medial aspect of the base of 
the 4th metatarsal to the medial edge of the 
articular surface of the cuboid (Fig. 4.10-12) [11]. 


b) isolated 


ae 


oc 


c) homolateral 


Fig. 4.10-11: Descriptive classification of 
tarsometatarsal injuries. 


4.2 Surgical anatomy 


The intrinsic stability of this region, which is 
crucial to foot function, is provided primarily by 
the bony Roman arch whose features include 
the trapezoidal shape of the 2nd, 3rd, and 4th 
metatarsal bases (when seen in transverse 
section) and by the fact that the base of the 2nd 
metatarsal is recessed between the medial and 
lateral cuneiforms. The surrounding soft tissues 
such as the joint capsules, the plantar ligaments, 


Fig. 4.10-12: 
a) Diagram which shows the unbroken lines (arrows) 
of alignment which must be looked for on x-rays of 
suspected tarsometatarsal joint injuries and which are 
shown in this example of a reconstituted fracture. 


Unstable injuries with consider- 
able displacement should be 
approached surgically. 


b) Diagram illustrating common patterns of fracture 
fixation with 3.5 mm cortex screws. K-wires may be 
used for the 3rd and 4th metatarsals. 


the plantar fascia, and the tendon of peroneus 
longus all enhance the stability of this region. 
There is a relative weakness dorsally, parti- 
cularly between the Ist and 2nd metatarsals, 
which helps to explain the direction of dis- 
placement in cases of injury. At this same point, 
the dorsalis pedis artery enters the sole of the 
foot and damage to this vessel is not uncommon 
in injuries around the tarsometatarsal joint. 
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Entrapment of bony fragments 
or ligaments within the joints 
obstructs closed reduction. 


4.3 Preoperative planning 


When possible, early treatment is favored to 
reduce the stretching and compression forces 
on the vessels and the soft tissues. If the injury 
presents late, the limb must be elevated until 
the swelling diminishes and the tissues have 
stabilized. An anatomical reduction may be 
obtained by closed means under a general or 
spinal anesthetic. The patient is positioned 
supine with a sandbag under the affected 
buttock to place the foot in neutral rotation. 
Wire toe traps are used to suspend the toes with 
countertraction applied through the hindfoot 
and additional gentle manipulation at the frac- 
ture site as necessary. Reduction is confirmed 
on x-ray and the position then held with either 
percutaneous K-wires or screws. If there is a 
displacement greater than 2 mm or a talometa- 
tarsal angle of more than 15°, the position is 
unacceptable and an open reduction must be 
performed [12]. A set of small fragment screws 
(cannulated if possible) and K-wires are required. 


4.4 Surgical treatment— 
tricks and hints 


Either one or several longitudinal dorsal inci- 
sions are used depending on the location and 
number of metatarsals involved, the site of any 
wounds, and the presence of a compartment 
syndrome. The incision should be centered just 
distal to the tarsometatarsal joint line and mea- 
sure 5-6 cm. Entrapment of bony fragments 
or soft tissues within the joint commonly 
obstructs closed reduction. Once these 
blocks have been removed and an anatomical 
reduction achieved it may be held with tem- 
porary K-wires. The unstable metatarsals are 
then fixed to the midfoot with 4.0 mm can- 
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cellous bone or 3.5 mm cortex lag screws placed 
through a notch on the dorsal surface of the 
bone approximately 1.5 cm distal to the joint 
(Fig. 4.10-13) and cannulation can again be 
advantageous. The screw should be perpen- 
dicular to the joint and care should be taken not 
to split the base of the metatarsal. K-wires may 
be used as definitive fixation for the 3rd/4th 
metatarsals if necessary (see Fig. 4.10-12). 


Fig. 4.10-13: A dorsal notch in the metatarsal shaft will 
prevent the dorsal cortex from splitting on screw insertion 
and will reduce the prominence of the screw head. The 
drill hole should be placed in the top of the notch. 


4.5 Postoperative treatment 


The foot should be immobilized in a well-molded 
and well-padded splint and the neurovascular 
status observed. Once the swelling has dimin- 
ished, a below-knee cast is applied. The patient 
remains non-weight bearing for 6 weeks. The 
K-wires are then removed. Progressive weight 
bearing with aggressive physiotherapy may 


then commence. Opinions vary as to the need 
to remove the screws: those who favor their 
removal do so at I2 weeks. 


4.6 Results 


Anatomical reduction combined with stable 
fixation appears to provide the best results, 
although other factors, such as chondral 
damage and soft-tissue injury, may significantly 
affect the outcome [12]. 


5 Metatarsal fractures 


Metatarsal fractures are common and, although 
significant displacement is rare, malunion is a 
cause of considerable disability. Shortening 
of the first metatarsal must be avoided, so 
such fractures may require open reduction via 
a dorsal incision and internal fixation with 
either the plate 2.7 system or a one-third tubular 
plate and 3.5 mm screws. Intra-articular exten- 
sions at the proximal and distal ends of the first 
metatarsal must also be treated aggressively 
with a small lag screw when possible. 

Dorsal angulation of the distal fragments 
must also be avoided with metatarsal shaft and 
neck fractures. They should be reduced and the 
position maintained with intramedullary K- 
wires, a mini fragment plate, or K-wire trans- 
fixion to a neighboring bone (Fig. 4.10-14). 

With these more severe injuries, a non- 
weight bearing below-knee cast is used initially 
and the wires removed at 4-6 weeks. 


A 


lin 


Fig. 4.10-14: Metatarsal alignment with K-wires to 
prevent dorsal displacement or angulation of the distal 
fragment. The wire must transfix the metatarsophalangeal 
joint to allow for correct alignment of the metatarsal. 


Fractures of the proximal fifth metatarsal 


The proximal portion of the fifth metatarsal has 
been divided into three zones (Fig. 4.10-15). 
Zone 1 injuries represent avulsion fractures and 
usually no operative treatment is required. 
Injuries in zone 2 are often more painful, but 
operative treatment is only required if dis- 
placement exceeds 5 mm. Zone 3 fractures 
occur in the proximal metaphysis and are often 
stress fractures. They usually need stable 
fixation, particularly if a prompt return to full 
function is required. Acute fractures in this 
region are usually managed non-operatively 
with cast immobilization and protected weight 
bearing for 6-8 weeks and then increasing to 
full function. Fixation methods include the 
use of two small lag screws or a wire tension 
band [13, 14]. 


Anatomical reduction and 
stable fixation provide the 
best results! 


Shortening of the first meta- 
tarsal must be avoided. 
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Displaced fractures of the 
navicular should be treated 
operatively. 


zone 2 
zone 3 


zone 1 


Fig. 4.10-15: The three zones of injuy in 
proximal fractures of the 5th metatarsal. 


6 Navicular and cuboid 
fractures 


Tarsal navicular fractures 


The navicular is one of the midfoot tarsal bones 
and part of Chopart’s joint. It is also part of the 
medial arch of the foot and articulates with the 
talar head proximally, the three cuneiforms 
distally, and the cuboid laterally. The medial and 
plantar aspects of the navicular are supported 
by soft tissues, especially the insertion of the 
tibialis posterior tendon. This tendon can become 
entrapped in fracture dislocations involving the 
navicular, making reduction difficult. Because 
of its important position in the foot, injuries to 
the navicular are usually associated with other 
joint injuries and these must be excluded by 
clinical and radiographical examination. 

There are three types of injury: cortical avul- 
sions, fractures of the tuberosity, and fractures 
of the body. A stress fracture is occasionally 
seen. 

Cortical avulsion fractures are a result of a 
twisting injury rupturing the talonavicular 
capsule and the most anterior fibres of the 
deltoid ligament; a piece of bone is also avulsed. 
Treatment is in a short leg walking cast for 
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6 weeks. If the fragment includes more than 
20-30% of the articular surface, it should be 
stabilized with a wire or small screw. 

Tuberosity fractures are caused by an eversion 
injury, with the tibialis posterior tendon pulled 
off the navicular tuberosity. If seen with a crush 
fracture of the cuboid, this injury may indicate 
an occult dislocation or subluxation of the 
midtarsal joint. Treatment is usually in a short 
leg walking cast for 6 weeks, unless proximal 
displacement is greater than 1 cm. Then it is 
reduced and stabilized with a screw or suture. 

Body fractures are associated with other 
midtarsal injuries which must be diagnosed and 
treated. Undisplaced fractures are treated in a 
well moulded short leg cast for 6 weeks. 
Displaced fractures are treated operatively 
with screws and sometimes a temporary 
small external fixator. Bony defects should be 
filled with an autograft. 


Fractures of the cuboid 


The most common significant injury to the 
cuboid bone occurs as a result of the “nutcracker” 
effect described by Hermel and Gershon-Cohen 
[14]. If there is minimal impaction, conservative 
management with a below-knee cast would be 
appropriate. However, if there is significant loss 
of length or alignment on the lateral column of 
the foot, it is likely that the long term outcome 
will be associated with pain and dysfunction 
around the calcaneocuboid joint and the peroneus 
longus tendon. Initial management might there- 
fore include a restoration of length with ORIF 
or primary arthrodesis of the calcaneocuboid 
joint [15]. 

Compression fractures of the cuboid bone 
are a rare but well recognized cause of foot pain 
and a reluctance to walk in children. Stress 
fractures may also occur in this area. 
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8 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/410.htm 


600 4.11 Spine—J. O'Dowd 
— ĪA ee 


1 Introduction 601 
2 Clinical evaluation 602 


3 Radiological evaluation 602 


3.1 Cervical spine 602 
3.2 Thoracolumbar spine 604 
3.3 Further steps 605 


3.4 Dynamic radiography 606 
3.4.1 Conscious patient 606 


3.4.2 Unconscious patient 606 
4 Spinal instability 606 
5 Classification-skeletal injury 607 
6 Classification-neurological injuries 609 
7 initial management 610 
8 Definitive management 612 


9 Bibliography 615 


10 Updates 615 


John O'Dowd 


1 Introduction 


The management of spinal trauma, either in 
isolation or as part of the management of the 
polytraumatized patient, is difficult because of 
the number of potential pitfalls awaiting the 
general trauma surgeon faced with such injuries. 
The general principles of resuscitation apply. 

Although the majority of injured patients 
should be assumed to have an unstable spinal 
injury until a full evaluation has been com- 
pleted, certain patient groups are particularly at 
risk. Those who 

¢ are complaining of axial pain, 

e have suffered polytrauma, 

¢ have any head injury, 

e have facial injuries, 

* are unconscious or obtunded, 

e are road traffic accident victims. 


In these patients, the cervical spine should 
be controlled with a firm collar, or two sandbags 
(or infusion packs) and forehead tape 
(Fig. 4.11-1). The thoracolumbar spine should be 
protected by the use of a spine board and there- 
after only by log rolling the supine patient. 

The orthopedic assessment of the spine 
should include evaluation of both the ske- 
letal and neurological injuries, and a careful 


Fig. 4.11-1: 
Patient positioned with tape, sandbags, and collar. 


search for associated spinal and non-spinal 
injuries. Identification of instability and poten- 
tial instability, classification of the injury, and 
a complete management plan are essential. 


Orthopedic assessment of the 
spine should include eval- 
uation of skeletal and neuro- 
surgical injuries and a careful 
search for associated spinal 
and non-spinal injuries. 
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Rectal examination is manda- 
tory if there is any suspicion of 
neurological injury, and anal 
tone, sensation, and the 
bulbocavernosus reflex tested. 


The spine must be inspected 
and palpated from occiput to 
coccyx. 


2 Clinical evaluation 


A description of the exact mechanism of injury 
from the patient, any eyewitnesses and emer- 
gency service personnel is important. In addi- 
tion, any reported transient or persistent neu- 
rological symptoms might indicate significant 
spinal instability. 

The spine must be inspected and palpated 
from occiput to coccyx and the presence of 
the following signs indicates significant injury: 

e Pain with movement. 

e Tenderness. 

e Gap or step. 

e Edema or bruising. 

¢ Spasm of associated muscles. 


Neurological assessment must be compre- 
hensive. All muscle groups should be evaluated 
and graded on a dedicated neurology chart. 
Weakness should be graded according to the 
Medical Research Council (MRC) method 
(Table 4.11-1)[1]. Sensation should be tested, 
including light touch, pinprick, proprioception, 
and vibration. All dermatomes should be exa- 
mined bilaterally. Reflexes should be docu- 
mented. Any sensory and motor level should 


Table 4.11-1: Standard grades of muscle power. 


Grade Testing parameter 


0 Total paralysis 

Barely detectable contracture 

Not enough power to act against gravity 
Strong enough to act against gravity 
Still stronger but less than normal 

Full power 


wb WN = 
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be recorded. Rectal examination is man- 
datory if there is any suspicion of neuro- 
logical injury, and anal tone, sensation, and 
the bulbocavernosus reflex tested. In 
the patient with spinal cord injury, vital signs 
including pulse, blood pressure, and respiratory 
rate should be monitored continuously. 


3 Radiological evaluation 


3.1 Cervical spine 


All patients with a suspected spinal cord or 
column injury should be further investigated. 
The primary survey will have included a cross 
table lateral film of the cervical spine. The defin- 
itive radiological assessment of any patient with 
spinal injury will include further plain x-rays, 
as well as CT scanning and MRI scanning. 

In the cervical spine the lateral film should 
show the spine from the occiput to the C7/T1 
disc and if this has not been achieved, special 
views, such as the “swimmers view” will be 
required (Fig. 4.11-2). With a lateral film alone 
the false negative diagnosis rate is up to 15%. 
A through-the-mouth odontoid peg view and 
an AP x-ray of the cervical spine must always 
be taken. 
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Fig. 4.11-2: 
Swimmers view 


10 mm 


15mm 


A 


In the cervical spine the following abnor- Fig. 4.11-3: 


malities should be specifically sought: Line diagram of four cervical lines (A-D) 


Loss of normal cervical lordosis. and soft-tissue width (in mm). 


Increased anterior soft-tissue width 
(normal prevertebral shadow is less 
than 4 mm at C4 and less than 15 mm 
at C6) (Fig. 4.11-3). 

Increased interspinous distance 
posteriorly (Fig. 4.11-4). 

Loss of spinous process alignment and/ 
or increased interspinous distance on 
AP x-ray. 

Fractures of the body, lateral mass, 
pedicle, spinous process. 

Fractures of the odontoid peg or the 
ring of atlas. 

Any loss of alignment indicating 
subluxation or dislocation (Fig. 4.11-5a). 
More than 11° angulation or 3 mm 
translation at any level (Fig. 4.11-5b). Fig. 4.11-4: Lateral x-ray with interspinous widening. 
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Fig. 4.11-5: 
Unifacet dislocation. 


3.2 Thoracolumbar spine 


In the thoracolumbar spine high-quality AP and 
lateral x-rays are required. The following abnor- 
malities may be seen: 
¢ Loss of vertebral alignment on AP or 
lateral x-rays (Fig. 4.11-6). 
e Fractures of vertebral body, or 
posterior, spinous or transverse 
processes elements. 
e Widening of interspinous distance. 
e Abnormal pedicle separation on AP 
x-ray (Fig. 4.11-7). 
e Loss of vertebral body height, vertebral 
wedging, and kyphosis. 


Fig. 4.11-6: 
Lateral x-ray of thoracolumbar dislocation. 


Fig. 4.11-7: 
AP view of x-ray thoracolumbar spine showing 
pedicle separation. 


3.3 Further steps 


A standardized approach to further imaging 
should be adopted. The incidence of a second 
spinal injury is up to 20%, so if a significant 
spinal injury has been identified at 
one level, the rest of the spine should be re- 
examined clinically as well as by plain AP 
and lateral x-rays of every level. 

If any fractures other than minor process 
fractures are identified on x-ray, cross sectional 
imaging with CT scanning should be obtained 
(Fig. 4.11-8). The complete fracture configura- 
tion is rarely identified on x-rays alone. 3-D 
reconstructions aid comprehension and surgical 
planning, but do not enhance the accuracy of 
the CT data. CT scans may also be indicated in 


Fig. 4.11-8: 
CT scan of burst fracture with posterior element fracture. 


the following areas if injury is suspected, when 
adequate x-rays cannot be obtained: 

e Occipitocervical junction. 

e CI/C2 injuries. 

e Cervicothoracic junction. 

e Sacroiliac region. 


MRI scanning will demonstrate soft-tissue in- 
jury to posterior ligamentous structures 
and intervertebral discs. If available, its use 
is mandatory in single or bilateral facet cervical 
dislocations before reduction, in order to avoid 
spinal cord injury from the possible con- 
comitant disc protrusion. The precise nature of 
any spinal cord injury can also be identified on 
MRI sequences. 


The incidence of a second 
spinal injury is up to 20%, so if 
a significant spinal injury has 
been identified at one level, the 
rest of the spine should be re- 
examined clinically as well as 
by plain AP and lateral x-rays 
of every level. 
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Instability missed during the 
initial management phase may 
produce or exacerbate a spinal 
cord injury or permit displace- 
ment of fractures or dislocations. 


In the obtunded patient spinal 
column assessment must be 
meticulous. 


3.4 Dynamic radiography 


Dynamic radiography, such as flexion/exten- 
sion, or traction lateral, cervical x-rays, is inap- 
propriate if an unstable spinal injury is diag- 
nosed. Flexion/extension x-rays or fluoroscopy 
of the cervical spine must be personally super- 
vised by a trauma specialist. It must be recog- 
nized that these measures may not be adequate 
to determine spinal stability and are potentially 
dangerous. Longitudinal sagittal scanning with 
MRI, or spiral CT, will provide additional infor- 
mation and the former allows imaging of the 
entire neuraxis. However, few patients are 
stable enough for MRI scanning, and MRI com- 
patible anesthetic equipment is not commonly 
available. The safest policy is to continue to 
protect the spinal column until the patient can 
cooperate with dynamic imaging without 
reporting significant pain. 
3.4.1 Conscious patient 

In a conscious and cooperative patient with 
persistent neck pain and no radiographic 
evidence of fracture or dislocation, supervised 
flexion/extension x-rays are taken and will 
exclude significant instability. However, these 
should be delayed until paravertebral spasm has 
settled, so that flexion and extension move- 
ments actually occur. Until this stage is reached, 
possibly some weeks after injury, the patient 
should be treated in a firm orthosis. 


3.4.2 Unconscious patient 


In the obtunded patient spinal column 
assessment must be meticulous. The stand- 
ard clinical and radiological investigations are 
undertaken. The fracture surgeon is often asked 
to make a judgment on spinal stability when 
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the plain x-rays and, sometimes, CT scans at 
selected levels appear to be normal. The safest 
policy is to assume an unstable injury, to log roll 
the patient and to use a firm cervical orthosis 
until the protocol in section 3 can be completed. 
Spinal cord injury in an unconscious patient 
should be suspected if any combination of the 
following is present: 


» Flaccid areflexia. 

¢ Diaphragmatic breathing. 

e Pain response above, but not below the 
clavicle. 

¢ Bradycardia and hypotension. 

e Priapism. 


4 Spinal instability 


The term instability is used to describe a wide 
variety of spinal conditions, including clinical, 
radiological and biomechanical abnormalities. 
The most widely used general definition is that 
of White and Panjabe [2] and states that: “The 
loss of the ability of the spine under physio- 
logical loads to maintain its pattern of displace- 
ment so that there is no initial or additional 
neurological deficit, no major deformity, and no 
incapacitating pain”. Instability missed dur- 
ing the initial management phase may 
produce or exacerbate a spinal cord injury 
or permit displacement of fractures or 
dislocations, thereby precipitating the need for 
more invasive interventions. In the long term 
it can lead to chronic instability, pain on 
movement, and a higher risk of degenerative 
changes, particularly if overall sagittal alignment 
is lost. The assessing clinician should make use 
of all of the clinical and radiological signs which 
have been described to judge the stability of the 
spinal column. 


Fig. 4.11-9: posterior anterior 
Diagram of the two 
spinal columns 


Since descriptions of spinal injuries were first 
reported, authors have considered the spine in 
conceptual divisions or columns. The work of 
Denis [3] has popularized the idea of three 
spinal columns. There is an increasing reali- 
zation, however, that the use of a two column 
(Fig. 4.11-9) description simplifies understanding 
of the injury and has facilitated the process of 
applying AO classification principles to the 
spine. Following an injury, the presence of an 
intact anterior, or posterior, column will usually 
exclude the problems associated with instability. 
Careful assessment of both columns is essential, 
as the combination of clinical and radiological 
investigations may reveal significant injury to 
both. For example, what may appear to be an 
isolated compression fracture of the anterior 
column, may have an associated ligamentous 
posterior column injury diagnosed only by 
clinical examination, or MRI scanning. 


5 Classification-skeletal 
injury 
The AO classification is now widely used for the 
thoracolumbar and subaxial cervical spine. 


Cl and C2 level injuries are still classified 
differently. 


Atlanto-occipital fracture dislocations are 
extremely uncommon and usually prove fatal. 
In the rare survivors they may only be diagnosed 
on sagittal CT reconstructions. 


C1 level 


The classical Cl fracture is the Jefferson 
fracture [4] (Fig. 4.11-10a), which is a burst 
fracture of the ring of C1. Stability is assessed 
by measuring the atlanto-dens interval on a 
lateral x-ray (normal < 4 mm), and by the 
lateral mass spread on the AP odontoid peg 
view (normal < 8 mm) (Fig. 4.11-10b). Other 
injuries of C1 include isolated lateral mass and 
anterior or posterior arch injuries. 


Fig. 4.11-10: . 


a) Diagram of Jefferson fracture 


b) Diagram of lateral mass excursion 
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Diagnosis of atlanto-occipital 
instability should be con- 
sidered where there is un- 
explained posttraumatic neck 
pain and torticollis. 


C1/2 level 


Atlanto-occipital rotary subluxation of C1/C2 
was described by Fielding and Hawkins [5] and 
was subdivided into four types: 


1 Rotary fixation, no displacement. 

Il Rotary fixation, unilateral anterior displacement. 
Il Rotary fixation, bilateral anterior displacement. 
IV Rotary fixation, posterior displacement. 


Diagnosis can be very difficult but should be 
considered whenever there is unexplained 
posttraumatic neck pain and torticollis. 
Careful inspection of the x-rays and CT scans 
will normally demonstrate the lesion. 


C2/Odontoid 


Odontoid peg fractures were classified by 
Anderson and D’Alonzo according to the level 
of the fracture [6] (Fig. 4.11-11). Type I fractures 
are at the tip of the odontoid process, and 
represent ligamentous avulsion which may 
rarely produce instability. Type II fractures are 
transverse or oblique fractures through the base 
of the odontoid process. Type M fractures are 
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Fig. 4.11-11: Diagram of the three odontoid fracture types. 


Type! Sometimes as a ligamentous avulsion. Seldom 
causes instability. 
Type Il These basal fractures may be transverse or oblique. 


Type Ill These fractures pass through cancellous bone in 
the body of C2 close to the base of the odontoid. 
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through the cancellous bone of the body of C2 
adjacent to the odontoid process. 

Levine and Edwards have best classified 
traumatic spondylolisthesis of C2, the so-called 
hangman’s fracture [7]. Type I injury is a neural 
arch fracture of C2, with no angulation and less 
than 3 mm displacement of C2 on C3. Type II 
injuries are displaced, with more than 5° of 
angulation and more than 3 mm of displacement 
(Fig. 4.11-12). Type IIA injuries are characterized 
by significant angulation, but no displacement, 
and by the observation that traction causes 
widening of the C2/3 disc space. Type III 
injuries have severe angulation and displacement 
and single or bilateral C2/3 facet dislocation. 


Fig. 4.11-12: X-ray of type Il Hangman’s fracture. 


Lower cervical, thoracic, and lumbar spine 


Subaxial cervical and thoracolumbar fractures 
are classified according to Magerl et al. [8]. 
The AO group and the Orthopaedic Trauma 
Association have adopted this classification [9] 
(Fig. 4.11-13). 
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The spine, which is bone group 5, is divided into 
three sections: 


Cervical 51 
Thoracic 52 
Lumbar 53 


There are three basic injury patterns: 


A Compression injuries of the vertebral body. 

B Distraction injuries of the anterior and/or 
posterior elements. 

C Type Aor type B injuries with rotation, and 
complex fractures and dislocations. 


In the lower cervical spine distraction injuries are 


more severe than rotational, and so are classified 
in type C, with rotational injuries in type B. 


6 Classification- 
neurological injuries 


Cervical cord injury leads to tetraplegia and 


thoracic and lumbar injuries to paraplegia. Neurological injuries are 
Neurological injuries are described as described as complete if there 
complete if there is no recovery of distal is no recovery of distal neuro- 
neurological function once the stage of logical function once the stage 
spinal shock has been passed, for example, of spinal shock has been 
when the bulbocavernosus reflex returns. passed, e.g., when the bulbo- 
The American Spinal Injury Association (ASIA) cavernosus reflex returns. 


and the International Medical Society of Para- 
plegia have refined the original Frankel [10] 
functional classification. 


ASIA Impairment Scale 


Complete lesion. 

Incomplete sensory preservation. 

Incomplete motor preservation < MRC grade 3. 
Incomplete motor preservation > MRC grade 3. 
Normal neurological function. 


Fig. 4.11-13: AO Müller Classification 

TypeA Compression injury of the anterior column. 

Type B Two-column injury with either posterior or 
anterior transverse distraction. 

Type C Two-column injury with rotation. 


moann > 
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Non-displaced cervical injuries, 
whether stable or potentially 
unstable, can be controlled 
with a firm orthosis during the 
initial phase. 


Controlling the spine and 
preventing further injury are 
the guiding principles during 
the evaluation period. 


Incomplete lesions can fit into the following 
clinical syndromes: 

¢ Brown sequard syndrome: 
Ipsilateral motor and proprioceptive 
loss and contralateral pinprick and 
temperature loss. 

e Central cord syndrome: 
Cervical cord lesion with severe 
tetraparesis, upper limbs worse than 
lower limbs and sacral sparing. 

e Anterior cord syndrome: 
Most of the spinal cord affected with 
dorsal column sparing only. 

e Conus lesion: 
This will produce a mixed picture of 
sacral cord and lumbar root injuries, 
with areflexic bowel and bladder. 

e Cauda equina lesion: 
This produces nerve root injury with 
areflexic bowel and bladder. 


7 Initial management 


Controlling the spine and preventing 
further injury are the guiding principles 
during the evaluation period. 

The patient with a spinal cord injury may 
be considered for a high dosage methylpredni- 
solone protocol as soon as diagnosis is made. 
The 2nd National Acute Spinal Injury Study 
[1], a randomized, multi-center, doubleblind 
trial of methylprednisolone, established that 
early administration of very high doses led to 
better motor and sensory scores 6 months 
following injury. The initial dose is a bolus of 
30 mg/kg body weight, followed by 5.4 mg/kg/ 
hour for 23 hours. The proven improvement in 
recovery is, however, marginal and many of the 
patients in the original study also had early 
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surgery, which is a confounding factor. Although 
systemic complications were not reported from 
this protocol, there was a delay in wound 
healing in the surgical patients. A thorough 
study and understanding of these results are 
suggested before a patient can be advised that 
this protocol is functionallly effective and 
without major complications 


Non-displaced cervical injuries 


Non-displaced cervical injuries, whether 
stable or potentially unstable, can be con- 
trolled with a firm orthosis during the 
initial phase. 


Displaced and unstable injures 


Displaced and unstable injuries to the cervical 
spine should be managed with the use of halo 
traction. The admitting trauma surgeon or 
musculoskeletal specialist should apply this 
device under local anesthesia. A halo is pre- 
ferable to tongs, or calipers, because of superior 
head and neck control, and because modern 
haloes are both MRI compatible and can 
be attached to a molded jacket as definitive 
treatment. 

The anterior pins are placed in the supra- 
orbital ridge, lateral to the supraorbital notch, 
with the patient’s eyes tightly closed during 
insertion. The halo ring should lie so that it is 
1 cm higher than the superior tip of the pinna. 
Local anesthetic is inserted, the pins are posi- 
tioned and gently tightened, following 
which diagonally opposite screws are tightened 
simultaneously. A torque wrench should be 
used so that all screws are tightened to 6 in/Ib 
(Fig. 4.11-14). 


Fig. 4.11-14: 
Series of diagrams of 
halo application. 


Initially, 2.5-4.5 kg longitudinal traction is 
applied and a lateral check x-ray is obtained. In 
a type IIA hangman’s fracture, traction may 
cause segmental distraction, and should this 
occur, the traction should be removed, a halo 
jacket applied in the best obtainable position, 
and the patient transferred urgently to a spe- 
cialist spinal unit. 


Other displaced cervical injuries 


All other displaced cervical injuries should re- 
duce with traction increasing incrementally 
every 15 minutes or so and monitored by 
neurological examination and lateral x-ray. As 
a rule of thumb, the weight should be about 
2.5 kg plus 2.5 kg for each level from C1/C2 
down. Displaced Jefferson fractures, hangman’s 
fractures, odontoid fractures (types II and M), 
displaced subaxial fractures, and dislocations 
can all be treated in this fashion in the first 
instance. Reduction can also be maintained by 
traction until a definitive management program 
is determined. 
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Patients with complete spinal 
cord injuries will need physio- 
logical optimization in an 
intensive care unit, so as to 
maintain spinal cord perfusion 
and oxygenation. 


Much of the decision making 
and surgical intervention 
should be performed in 


dedicated spinal surgical units. 


Some authors describe the necessity for traction 
forces over 50 kg for facet dislocations, although 
usually much less weight is required. Reduction 
of cervical spine injuries in the presence of 
spinal cord injury is equally urgent. 


Thoracolumbar fractures 


Patients with non-displaced stable or potentially 
unstable thoracolumbar fractures should be 
nursed supine, with intensive pressure area care 
during this phase. Most of those with significant 
spinal injuries will require urethral catheteri- 
zation, and patients with complete spinal 
cord injuries will need physiological opti- 
mization in an intensive care unit, so as to 
maintain spinal cord perfusion and oxy- 
genation. 


8 Definitive management 


The definitive treatment of spinal injuries may 
be surgical or non-surgical. In the age of surgical 
subspecialization, much of the decision 
making and surgical intervention should 
be performed in dedicated spinal surgical 
units, by a team consisting of orthopedic 
surgeon, neurosurgeon, and, if appropriate, a 
spinal cord injury rehabilitation physician. 

Many believe that the only indication for 
early surgical intervention is a deteriorating 
neurological situation persisting despite ap- 
propriate non-surgical management, together 
with a demonstrable bony or disc compressive 
lesion on imaging. This combination often re- 
quires an anterior vertebrectomy and decom- 
pression, a dangerous undertaking in the acute 
situation, especially when there is concomitant 
visceral trauma. Such patients must always be 
transferred to a specialist unit. 
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Unstable spinal column injuries 


Unstable spinal column injuries, with or with- 
out neurological injury, will often need surgical 
stabilization after reduction. However, in the 
absence of spinal cord injury some injuries may 
be managed in a halo jacket or rigid orthosis. 
Displaced Jefferson fractures, hangman’s frac- 
tures, type HI odontoid fractures, and subaxial 
fractures may all be treated in a halo jacket for 
6-8 weeks after reduction, with frequent x-ray 
monitoring. Such injuries should then be 
treated in a rigid orthosis until 3 months post 


injury. 
Odontoid fractures-type II 


Type II odontoid fractures, displaced more than 
25% on original x-ray (Fig. 4.11-15) even after 
reduction, or undergoing recurrent displace- 
ment, have a high risk of proceeding to non- 
union and will need surgical fixation. These too 
should be transferred to a specialist spinal unit. 


Soft-tissue subaxial cervical disruptions 


Significant soft-tissue subaxial cervical dis- 
ruptions, particularly after reduction of facet 
dislocations, will need surgical stabilization with 
an anterior plate system. Irreducible facet dis- 
locations will need posterior open reduction, 
stabilization, and fusion. Cord compression 
from either bone or disc mandates an anterior 
approach, decompression, often including ver- 
tebrectomy, and fusion with plate stabilization. 


Non-displaced and stable cervical injuries 
Non-displaced and stable cervical injuries 


should be treated in an appropriate firm 
orthosis. 


Fig. 4.11-15: 
Displaced type Il odontoid fracture. 


Thoracolumbar dislocations 


Thoracolumbar dislocations, with or without 
neurological compression, need open reduction 
and stabilization through a posterior approach 
and, with partial or complete neurological 
injuries where spinal shock is still present, this 
should be performed as soon as the patient’s 
general condition allows. 


Thoracolumbar burst fractures 


Thoracolumbar burst fractures where there is 
partial, deteriorating, or complete neurological 
loss with persistent spinal shock should be 
considered for emergency decompression and 


Fig. 4.11-16: 
CT scan of high-grade thoracolumbar burst fracture. 


stabilization (Fig. 4.11-16). There is some evi- 
dence that cord recovery is enhanced by such 
early intervention, but to minimize the mor- 
tality and morbidity the procedure should only 
be performed by a spinal surgeon with expe- 
rience of this approach. 


Unstable injuries 


Unstable injuries where there is significant two- 
column disruption need surgical stabilization, 
using posterior stabilization systems. 


Type A fractures in the thoracolumbar region 


Type A fractures in the thoracolumbar region, 
with more than 50% loss of anterior body 
height and significant regional kyphosis, or 
wedging (> 30° at the thoracolumbar junction, 
or > 10° in lumbar spine), are best treated by 
posterior indirect reduction and posterior fusion 
(Fig. 4.11-17). Surgeons with experience of 
pedicle screw insertion in the thoracolumbar 
region should be able to manage most type A 
fractures requiring surgery using this method. 
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Most thoracolumbar fractures do not meet sufficiently pain-free after the first 2 weeks not 
these indications and can be treated non-oper- to require this. In addition, the predominant 
atively. A TLSO (thoraco-lumbo-sacral orthosis) injuring force is axial compression, and external 
will aid pain control, but most stable injuries are bracing will not control this. 


Fig. 4.11-17: 

a) Displaced thoracolumbar 
compression fracture without 
neurological deficits. 

b) CT scan. 

c) After reconstruction within 
hours and stabilization with 
universal spine system (USS). 
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Open fractures 


R. Paul Clifford 


1 Introduction 


The term “open” fracture indicates a com- 
munication between the fracture and the 
external environment and inevitably involves 
injury to the soft tissues and skin near the frac- 
tured bone. Because these are frequently high- 
energy injuries, bone and soft-tissue damage 
can be severe. Such damaged and ischemic 
tissues, surrounded by hematoma and conta- 
minated by bacteria, provide a poor environ- 
ment for fracture and tissue healing and poor 
resistance to bacterial proliferation. As a result, 
the risks of infection, delayed union and 
non-union are significantly increased in 
proportion to the applied energy levels and the 
damage to bone and soft tissue. 


2 History 


A century ago, the high mortality rate following 
major long bone open fractures frequently left 
amputation as the treatment of choice to pre- 
serve life. Even by the start of World War I the 
mortality rate from open fractures of the femur 
remained over 70%. Major advances over the 
last 100 years have moved the focus of manage- 
ment of such injuries away from preservation 


of life and limb to preservation of function and 
avoidance of complications. Nonetheless, there 
remains no place for complacency. In the most 
severe open tibial fractures associated with 
vascular injury, the documented ampu- 
tation rates remain in excess of 50% [1]. 


3 Etiology and 
~ mechanism of injury 


Open fractures characteristically tend to be 
caused by more severe violence than closed 
fractures. However, low-energy indirect tor- 
sional fractures may penetrate the skin from 
within, particularly where the bone lies just 
under the skin, unprotected by a muscular 
sleeve (Fig. 5.1-1). More severe open fractures 
usually occur as a result of direct high-energy 
trauma. The energy (#,) dissipated at the time 
of injury is proportional to the mass (m) and the 
square of the velocity (v) according to the for- 
mula E, =mv’/2. Most high-energy open frac- 
tures seen in civilian hospitals today follow 
either road traffic accidents or falls from a 
height with the victim as a missile injured by 


Open fracture indicates a 
communication between 
fracture and external environ- 
ment. 


Most severe open tibial fractures 
associated with vascular injury 
show documented amputation 
rates in excess of 50%. 


Risks of infection, delayed 
union and non-union are high. 


617 


618 


The degree of trauma suffered 
is related to the impact velocity. 


sudden deceleration at the time of impact. The 
degree of trauma suffered is related to the 
impact velocity and degree of protection of 
the victim, accounting for the high incidence of 
severe open fractures of the lower legs in mo- 
torcyclists. These high-energy incidents fre- 
quently cause severe multiple injuries to the 
head, trunk, and limbs, whose management 
may take priority over the open fracture. 


4 Epidemiology 


The frequency of open fractures seen in indi- 
vidual hospitals varies according to geographic 
and socio-economic factors, population size, 
and trauma delivery systems. The incidence of 
open fractures in the Edinburgh Orthopaedic 
Trauma Unit in Scotland has been documented 
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in detail [2]. This unit treats all fractures in a 
mixed urban and rural population of 750,000. 
Over a 75-month period between January 1988 
and March 1994, 1,000 open fractures in 933 
patients were reported, representing a frequency 
of 21.3 per hundred thousand population per 
year. The relative proportions of open to closed 
fractures for different anatomical regions is docu- 
mented in Table 5.1-1. In the major long bones, 
open fractures were more common in diaphysis 
than in metaphysis (c.f. 15.3% diaphyseal vs 
1.2% metaphyseal). The highest proportion of 
open major long bone diaphyseal fractures was 
seen in the tibia (21.6%) followed by the femur 
(12.1%), radius and ulna (9.3%), and humerus 
(5.7%). However, the virtual absence of gun 
shot injuries (one case) suggests these figures 
are unrepresentative of more violent communi- 
ties elsewhere. 


Fig. 5.1-1: 

Open fracture after blunt, 
low-energy trauma. 

a) Minor skin lacerations on 
medial aspect of lower leg, 
with rapidly developing 
compartment syndrome. 

b) Complex fracture of tibia 
42-C1. 


Table 5.1-1: Relative frequencies of open fractures [2]. 


Location Total fractures 
Upper limb 15,406 
Lower limb 13,096 
Shoulder girdle 1,448 
Pelvis 942 
Spine 683 
Total 31,575 


5 Microbiology 


Most open fractures are contaminated with 
bacteria, at or shortly after the time of injury, 
60-70% showing positive wound cultures be- 
fore treatment begins [3]. Fortunately, most of 
these bacteria are relatively innocuous skin and 
environmental contaminants, which rarely 
cause infection. However, the presence of pa- 
thogenic enteric gram negative bacilli or more 
virulent environmental contaminants such as 
clostridia or pseudomonas is more ominous and 
carries a significant risk of progression to in- 
fection. Most commonly, infection follows 
contamination after arrival at hospital, 
with pathogenic Staphylococcus aureus, Entero- 
coccus Or Pseudomonas. Small numbers of con- 
taminating bacteria do not cause infection, but 
once the critical inoculum of 10° organisms per 
gram of tissue is reached, the immunological 
defense mechanisms become overwhelmed and 
the risk of infection becomes high. 


Open fractures % open fractures 


503 3.3% 
488 3.7% 
3 0.2% 

6 0.6% 

0 0.0% 
1,000 3.17% 


6 Classification 


In an attempt to document prognostic indicators 
and allow comparative studies, numerous 
classifications, based on injury severity, have 
been developed. Of these, the most widely used 
was initially described by Gustilo and Anderson 
in 1976 [3]. They divided open fractures into 
three types in ascending order of severity based 
on broad categories of skin and soft-tissue 
damage and fracture type (Table 5.1-2). 


Table 5.1-2: Classification of open fractures [4]. 


Type Description 


Skin wound less than 1 cm 
Clean 
No fracture comminution 


Skin wound more than 1 cm 
Soft-tissue damage not extensive 
No flaps or avulsions 

No fracture comminution 


i e High-energy injury involving 

extensive soft-tissue damage 

e Or severe crushing injuries 

e Or vascular injury requiring repair 

* Or severe contamination including 
farmyard injuries 

e Or fracture comminution, segmental 
fractures or bone loss irrespective of 
size of skin wound 


Most commonly, infection 
follows contamination after 
arrival at hospital, with patho- 
genic Staphylococcus aureus. 
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Gustilo and colleagues later modified the type 
M injuries with descriptions of three subtypes 
based on the degree of contamination, extent 
of periosteal stripping and bone exposure, and 
the presence of vascular injury (Table 5.1-3) [4] 
(Fig. 5.1-2). 

This classification is relatively simple and 
remains a useful, if not entirely accurate, guide 
to prognosis. It has been validated in terms of 
time to union, incidence of non-union, and 
requirement for bone grafting [5, 6]. Unfortu- 
nately, its main pitfalls are an almost inevitable 
product of its simplicity. They relate to the high 
degree of inter-observer error arising from the 
subjective nature of the injury description and 
from the multiple non-exclusive variables de- 
scribed in each injury type. 

The AO classification of soft-tissue injuries, 
described in chapter 1.5, is designed to be used 
in conjunction with the AO Müller classification 
of fractures (chapter 1.4). It thus provides a very 
detailed classification of open fractures. Injuries 
to skin, muscle/tendon, and neurovascular 
structures are classified separately into four or 
five types. This enables each category to include 
objectively defined single variables only. When 
used in a large database, this classification per- 
mits more refined comparison of injury types 
and is thus extremely useful as a research tool. 
Unfortunately, its complexity makes it awkward 
for communication in everyday clinical practice. 
The same holds true for the Hannover Fracture 
Scale (HFS) originally described by Tscherne. 
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Fig. 5.1-2: Open fracture after high-energy MVA accident. 
The right upper arm of the 57-year-old woman was 
entrapped, which resulted in a Ilic open humeral fracture 
(AO Müller classification: 12-A3 104-MT4-NV4) with 
disruption of brachial artery and vein, neuropraxia of 
median and radial nerves. 


Table 5.1-3: Classification of type Ill open fractures [4]. 


Type Description 


Ila e Adequate soft-tissue cover of bone 
despite extensive soft-tissue damage. 
IIIb * Extensive soft-tissue injury with peri- 
osteal stripping and bone exposure. 
e Major wound contamination. 


Hic * Open fracture with arterial injury 
requiring repair. 


7 Principles of 
- management 


The ultimate goal in the management of 
the open fracture is the early return to 
normal function of the injured limb. This 
is dependent on early wound healing with full 
soft-tissue recovery and fracture union with 
restoration of the anatomy and avoidance of 
complications. Infection is the single factor most 
likely to have a deleterious effect on outcome. 


Principles of management 


* Prevention of infection. 

*  Soft-tissue healing and bone union. 
e Restoration of anatomy. 

* Functional recovery. 


8 Stages of care 


The achievement of these goals requires a disci- 
plined, logical, sequential management approach. 
This commences with good prehospital care and 
is followed by careful assessment and mature 
clinical judgement in the emergency and oper- 
ating rooms. Primary surgical intervention 
focuses on the avoidance of infection by staged 
wound débridement and fracture stabilization. 
Secondary surgical procedures address the issues 
of early skin cover and soft-tissue reconstruction 
followed by bone reconstruction. Rehabilitation 
with early movement and mobilization com- 
mences as soon as possible as an integrated part 
of this staged management protocol. 


Stages of care 


e Initial assessment and accident room 
management. 

* Primary operations 
— staged wound débridement, 
— fracture stabilization. 

e Secondary operations 
— skin and soft-tissue reconstruction, 
— bone reconstruction. 

e Rehabilitation. 


9 Emergency room— 
initial assessment and 
management 


The primary aims of assessment and manage- 
ment in the emergency room are: 
e Resuscitation and assessment of priorities. 
e Prevention of further wound contami- 
nation. 
e Administration of antibiotics. 
e Realignment and splintage of limb 
deformities. 
e Clinical and radiological evaluation of 
individual injuries. 


Management commences at the accident site, 
where prehospital personnel should pro- 
tect the wound with a sterile dressing. 
Thereafter, to protect the wound from further 
bacterial contamination, the dressing should be 
disturbed as little as possible. Tscherne and 
colleagues demonstrated a four-fold reduction 
in infection rate by adhering to these policies [7]. 

In the emergency room, attention is first fo- 
cused on the resuscitation of vital functions and 
the treatment of immediately life-threatening 
pathology. External hemorrhage from an open 
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Ultimate goal in the manage- 
ment of the open fracture is 
the early return to normal 
function of the injured limb. 


At the accident site prehospital 
personnel should protect the 
wound with a sterile dressing. 
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Preoperative assessment of 
the wound may only be done 
once when taking a Polaroid 
photograph. 


fracture contributing to hemodynamic insta- 
bility is managed by manual pressure over mul- 
tiple layers of sterile dressings. Once resuscitative 
measures are well established and immediate 
threat to life has been addressed, attention can 
be turned to determining the history of the 
event and a careful clinical examination and 
evaluation of the whole patient. 

For assessment of the injury the sterile 
dressing is disturbed once, at which time 
it is good practice to take a Polaroid photo- 
graph for future reference (Fig. 5.1-3). The size 
and depth of the wound and condition of the 
surrounding skin are noted. Major contami- 
nating fragments of debris may be removed and 
severely soiled wounds may be lavaged with 
sterile fluid. Otherwise, wounds should not be 
probed and after redressing should remain 
undisturbed. The rest of the limb should be 
carefully examined, both proximal and, in parti- 
cular, distal to the open fracture. Vascularity and 
circulation, neurological function, and musculo- 
tendinous continuity must all be assessed. De- 
formed limbs should be gently realigned and, 
if possible, obviously dislocated joints reduced. 
The limb should be splinted and x-rays taken to 
include the whole length of the fractured bone. 

By this stage, the surgeon should be well 
informed about the history of the event, the 
overall status of the patient, the extent and 
basic characteristics of the open wound and 
surrounding skin, the extent and characteristics 
of the fracture, and the function of the vessels, 
nerves, muscles, and tendons traversing the 
zone of injury. Thus armed, he can formulate 
a provisional management. Surgery to preserve 
life and limb takes priority. Surgical débride- 
ment of the contaminated wound is urgent 
before bacterial proliferation approaches the 
critical inoculum, above which infection be- 
comes highly likely. It has been suggested that 
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Fig. 5.1-3: Assessment of injury by Polaroid photography. 
Apparently minor skin lesion but ischemic hand after 
crush injury on distal forearm in a 30-year-old male. 
Associated both bone forearm fracture 22-C3. 


this point is reached in six hours from the time 
of inoculation, but it is likely that many factors 
influence this, including the early administra- 
tion of intravenous antibiotics. 


10 Antibiotics 


The choice of antibiotic is dictated by the 
potential bacterial contaminant. First or 
second-generation cephalosporins have a broad 
spectrum of activity and are suitable for most 
wounds. Major wounds, or those of the femur 
or pelvis at risk of fecal contamination, should 
have, in addition, an aminoglycoside or one of 
the newer betalactam penicillins. Farmyard 
injuries at risk of clostridial infection should be 
treated with high-dose penicillin. High serum 
antibiotic levels are achieved by intravenous 
administration, given as early as possible, and 
continued for 48 hours. Prolonged antibiotic 
administration is not necessary and risks 
the emergence of resistant strains of bacteria, 
although repeated short courses are advised as 
prophylaxis at the time of any subsequent sur- 
gical procedure. Antitetanus measures should 
be taken if necessary. Tetanus toxoid and teta- 
nus immunoglobulin should be given if the 
patient has not received tetanus immunization 
in the previous ten years. 


11 Operating room— 
primary operations 


The aims of primary surgery are: 
¢ Preservation of life and limb. 
¢ Definitive injury assessment. 
* Staged wound débridement. 
e Fracture stabilization. 


Initial priorities focus on lifesaving surgery to 
the trunk, pelvis, and head and on limb revas- 
cularization. 


11.1 Definitive assessment 


Definitive injury assessment in the operating 
room requires a full evaluation of the extent 
and degree of damage to individual anatomical 
structures. This is accomplished by an initial 
clinical re-examination of the whole limb and 
further x-rays as necessary. However, the assess- 
ment is not complete until the depths and extent 
of the wound have been surgically explored 
after cleansing and draping of the whole limb. 
A tourniquet should be applied, but not 
inflated, unless there is excessive hemorrhage. 
The wound should be thoroughly cleansed, 
including the bone ends, which, if necessary, 
should be delivered through the wound. Con- 
taminating foreign material should be removed 
and the wound should be irrigated with large 
volumes of Hartman’s or Ringer Lactate solution. 
Powered pulsed lavage (jet lavage) should 
be used with caution, since this may drive 
foreign debris deeper into the wound. It may 
be safer to use a gravity feed via a standard 
intravenous giving set. 

The concept of “the zone of injury” is 
important (see chapter 2.1, Fig. 2.1-3). This 
delineates the true dimensions of the wound as 
opposed to the skin wound, which is merely 
the “window” through which the true 
wound communicates with the exterior. 
In many instances this window may be small 
while the underlying wound is large. This is 
particularly common in fractures well covered by 
muscle and distant from the skin, for example, 
the mid-shaft of the femur or humerus and the 
calf and posterior aspect of the tibia. Puncture 


The choice of antibiotic is 
dictated by the potential 
bacterial contaminant. 


A tourniquet should be 
applied, but not inflated. 


Prolonged antibiotic admini- 
stration is not necessary. 


The concept of “the zone of 
injury” is important. The skin 
wound is merely the “window” 
through which the true wound 
communicates with the exterior. 
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Evaluation of the wound 
demands a detailed assess- 
ment of the true extent of the 
zone of injury. 


Surgical débridement demands 
meticulous excision of all dead 
and devitalized tissues. 


A “second look” should be 
routinely performed after 
48-72 hours. 


Type Il and type III open 
fractures are almost inevitably 
displaced and unstable. This 
usually dictates surgical fixation. 


wounds in these regions should never be inter- 
preted as grade I open fractures, since signi- 
ficant underlying soft-tissue damage is almost 
inevitable. Full evaluation of the wound 
demands a detailed assessment of the true 
extent of the zone of injury. This usually 
requires enlargement of the window by surgical 
extension of the skin wound or occasionally 
another incision to create a second window. 
Such incisions must be carefully planned and 
sited. They must respect vascular territories, 
which may already be compromised by the 
injury. They must also take into account the 
planned position of any internal or external 
fixation device and the possible siting of a soft- 
tissue reconstruction flap. Management of these 
complex problems should, ideally, involve both 
an experienced plastic and orthopedic surgeon 
from the outset and be regarded as a joint ven- 
ture. Following the definitive assessment of the 
patient and the injury, the decision can then be 
made to proceed with surgical débridement or, 
occasionally, to amputate. 


11.2 Staged surgical 
débridement 


Surgical débridement demands meticu- 
lous excision of all dead and devitalized 
tissues. It ranks as the most important single 
activity influencing outcome in the manage- 
ment of the open fracture. The cost of leaving 
dead, necrosing tissue in the wound is high and 
a “second look” should be routinely per- 
formed after a delay of 48-72 hours. Dé- 
bridement should thus be regarded as a staged 
procedure. 

Débridement commences at the outside 
working inwards. Skin which is manifestly dead 
and macerated should be excised. Skin of dubi- 
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ous viability can safely be left until the second 
look, when viability will be obvious. Damaged 
subcutaneous fat should be freely excised and 
fasciotomies performed liberally. The conse- 
quences of leaving devitalized muscle in the 
wound may be catastrophic even within a short 
time. Careful attention must thus be paid to 
muscle in the initial débridement. All muscle of 
dubious viability must be resected to pink 
bleeding edges, which contract when gently 
pinched. Intact tendon can be cleaned and re- 
examined at the second look. Bone ends should 
be scrupulously cleaned and the medullary 
cavity cleared of any foreign material or bone 
fragments. Detached, avascular bone fragments 
should be discarded. Major neuro-vascular 
structures should be preserved and repaired if 
necessary. 

Surgical débridement remains an exacting 
surgical procedure and must be performed with 
diligence. Care must be taken to ensure com- 
plete removal of all non-viable tissues whilst at 
the same time preserving blood supply to the 
rest. 


11.3 Fracture stabilization 


The fracture in a type I injury may be treated 
in the same way as a comparable closed frac- 
ture. In many cases this will involve surgical 
fixation, but not necessarily so. The decision is 
based on the characteristics of the fracture and 
the condition of the patient rather than the 
complicating minor wound. The outcome in 
these injuries is similar to that of their closed 
counterparts [8]. 

Type II and type III open fractures are 
almost inevitably displaced and unstable. 
These characteristics usually dictate surgical 
fixation. The presence of a significant open 


wound with extensive soft-tissue damage is a 
major complicating factor, which increases the 
need for fracture stabilization. Restoration of 
the anatomy is one of the stated goals of man- 
agement, upon which the ultimate aim of “re- 
turn to normal function of the limb” depends. 
Restoration of length and correction of bony 
deformity facilitates anatomical alignment and 
tensioning of the soft-tissue structures, thereby 
reducing dead space and hematoma volume. 
Stability at the fracture site prevents further 
damage from mobile bone fragments. The in- 
flammatory response is dampened, exudate and 
edema reduced, and tissue revascularization 
encouraged. 

Furthermore, uncluttered stable fixation al- 
lows free access to the wound for soft-tissue 
surgical procedures and facilitates physiological 
mobilization of the injured limb. Overall, restor- 
ation of the anatomy and stabilization of the 
fracture provide the optimal environment and 
conditions for tissue repair and recovery. Theo- 
retically, these factors should improve the host 
defense mechanisms against bacteria and redu- 
ce the risk of infections, although other variables 
make this difficult to confirm in clinical studies. 
However, there is experimental evidence to 
suggest that fracture stability can be helpful 
in inhibiting bacterial proliferation. [9—10]. 

The value of stable fixation in open fractures 
is beyond dispute. However, the selection of the 
method remains contentious. Available tech- 
niques include internal fixation using plates or 
intramedullary nails, external fixation, or a com- 
bination of these. The benefits of stable fixa- 
tion must be balanced against the pitfalls of 
further damage to local blood supply and 
the risk of complications. In practice, each 
case must be individually assessed. Factors to be 
considered include the anatomical site and 


characteristics of the fracture, the state of the 
surrounding skin and soft tissues, including the 
site and the size of the open wound, the degree 
of contamination, the presence of other in- 
juries, and the overall condition of the patient. 

Type I wounds need rarely influence the 
choice of method, which in the majority of 
cases can be the same as for comparable closed 
fractures. More serious wounds, however, may 
significantly affect the choice of fixation device. 
The general principles of anatomical reduction 
of joint surfaces (chapter 2.3) and restoration 
of length and alignment of diaphyseal and 
metaphyseal fractures (chapter 2.2) should be 
followed. The concepts and applications of 
absolute and relative stability should be care- 
fully considered and adopted. The high-energy 
nature of these injuries, with fracture fragmen- 
tation and compromised soft tissues, renders 
them particularly amenable to relatively stable 
fixation and minimally invasive techniques. 
Respect for the soft tissues is paramount. Care- 
ful preoperative planning (chapter 2.4) is essen- 
tial and should take into account the frequent 
need to position the implant or fixator in an un- 
conventional site. Implants should, wherever 
possible, be applied through the wound, 
while respecting the need to cover metal 
with soft tissue. Additional, separate incisions 
are preferably avoided, but if absolutely neces- 
sary should be minimal and carefully sited to 
avoid devascularization of any intervening skin 
bridge. All surgical approaches, implants, and 
external fixators should be sited in such a way 
that they do not compromise further orthopedic 
or plastic surgical procedures. 

Articular fractures should be fixed with judi- 
ciously placed screws, protected, if necessary, by 
an external ring fixator or occasionally a bridg- 
ing transarticular external fixator. 


Implants should, wherever 
possible, be applied through 
the wound, while respecting 
the need to cover metal with 
soft tissue. 


There is experimental evidence 
to suggest that bacterial 
proliferation is influenced by 
fracture stability. 


The benefits of stable fixation 
must be balanced against the 
pitfalls of further damage to 
local blood supply and the risk 
of complications. 
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Metaphyseal fractures can often be stabilized 
by a plate applied through the wound. If the 
wound is small or in an awkward site, the plate 
may be slid subcutaneously and held with per- 
cutaneous screws. Occasionally a metaphyseal 
fracture may be better managed by screw fixa- 
tion protected by an external fixator. 

Diaphyseal fractures are fixed by intrame- 
dullary nails, plates, or external fixators depen- 
ding on the individual bone, the degree of pe- 
riosteal stripping, and the nature of the soft- 
tissue sleeve. 


It is not essential to achieve Definitive fixation should not neces- 
definitive fixation at the first sarily be regarded as a prerequisite in the 
intervention. initial operative intervention. It may be 


judicious to apply temporary stabilization using 
a spanning external fixator, if necessary bridg- 
ing across a joint to maintain length and align- 
ment and to revise to definitive fixation at a 
later date when swelling has settled and the full 
extent of the soft-tissue wound has been as- 
sessed and controlled. The pinless external fixa- 
tor avoids penetration of the medullary cavity 
and is of particular value if intramedullary 
nailing is to be considered as the definitive 
fixation. 


11.4 Plates 
(Chapters 3.2.2 and 3.3.2) 


Plates remain the definitive choice for fixation 
of open metaphyseal fractures (Fig. 5.1-4). They 
are also particularly useful in diaphyseal frac- +` Ss 
tures of the forearm where the soft-tissue sleeve Fig. 5.1-4: Same case as Fig. 5.1-2: 
makes them relatively safe and where no other a After eae Pa ues me a 

x gi x 1s merus wa miz r nin mm 
fixation device can provide the stability re- id then plated (LC-DCP) through the mean 
quired to maintain the important anatomical b) Postoperative x-ray with atypically located plate on 
relationship between radius and ulna (Fig. 5.1-5). ventral aspect of humerus uneventful postoperative 

recovery with satisfactory function of arm and elbow. 
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Fig. 5.1-5: 

a) 29-year-old male: IIIA open 
Monteggia fracture of right arm, 
no major neurovascular deficit. 
b) Emergency ORIF with 8-hole 
3.5 DCP, wound débridement, 
and adaptation of transected 
muscles. Secondary skin closure. 
c) 37 weeks post accident. Solid 
union and 

d) good functional recovery with 
full working capacity as mason. 
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Fig. 5.1-6: Stabilization of open segmental fractures of 
tibia and fibula by closed unreamed nail (UTN 8 mm): 
a) Extensive shattering of tibia with two intermediate 
segments after crush injury in a 30-year-old mason 
(42-C3). 

b) Large laceration at distal end of leg and extensive 
abrasions over tibial crest. Neurovascular status intact. 
103-MT3-NV1. 

c) Postoperative x-ray after stabilization of tibia with 
statically locked 8 mm UTN. 


oe hs 


d) 36 hours after ORIF a cancellous autograft was added e) Uneventful soft-tissue and fracture healing; follow-up 
to the distal fracture focus while soft-tissue defect was x-rays at one year. 
covered by a free musculocutaneous flap. f) Excellent functional result, no disability. 


11.5 Intramedullary nails 
(Chapter 3.3.1) 


Intramedullary nailing of open fractures has not 
been popular in the past because of the perceived 
concern about damage to the medullary blood 
supply and subsequent risk of catastrophic in- 
fection. The development of the locking nail has 
improved the stability of intramedullary devices 
and has extended the indications such that they 
are now the almost universal choice for the 
fixation of closed and type I open fractures of 
the femoral and tibial diaphysis and their use 
is becoming increasing popular in the humerus. 
Recently these indications have been further 
extended by enthusiasts to include all grades of 
open fractures of the femoral and tibial dia- 
physis. Initial results seem encouraging, with 
low infection rates in even type Mb fractures 
[11-14]. 

The unreamed nail has been developed with 
the aim of reducing the disruption of medullary 
blood supply (Fig. 5.1-6). Experimental work 
demonstrating a reduction in cortical blood 
supply of 30%, compared to 70% after medul- 
lary reaming, suggests that these aims have been 
successfully achieved [15]. However, other ex- 
perimental works suggest that reaming has a 
beneficial effect by stimulating periosteal blood 
flow and periosteal bone formation [16]. In 
clinical practice, the results in open tibial dia- 
physeal fractures are remarkably similar, whether 
the unreamed nail or the reamed nail is used, 
with the exception of a higher implant failure 
rate in the unreamed nail [17, 18]. 

The impressive results with intramedullary 
nailing in even the most severe open diaphyseal 
fractures should, however, be interpreted with 
caution. They originate from centers of excel- 
lence, where equally impressive simultaneous 


progress has been made in the surgical tech- 
niques of soft-tissue reconstruction. Until such 
facilities can be matched universally, external 
fixation may remain the safest option in the 
most severe open tibial fractures. 


11.6 External fixation 
(Chapter 3.3.3) 


External fixation has the great advantage of 
providing relatively stable fracture fixation with- 
out violation of the zone of injury. External 
fixators are particularly useful when wounds and 
soft-tissue characteristics contraindicate direct 
surgical access to the fracture (Fig. 5.1-7). They 
are usually the device of choice in severely 
soiled and contaminated wounds, where 
metallic implants, with the risk of bacterial 
adherence, are best avoided. The development 
of ring fixators has extended the indications to 
include periarticular and intra-articular frac- 
tures (Fig. 5.1-8). 

The main disadvantages of external fixators 
are poor patient tolerance and the significant 
risk of pin track infection, which is increased 
when the pins transfix muscle [5, 19]. Ideally, 
pins should be inserted outside the zone of 
injury in areas where the bone lies subcutan- 
eously. External fixators are thus particularly 
useful in the tibia, but of less value in bones 
circumferentially surrounded by muscle, such 
as the femur and humerus. External fixation 
may be used as an initial, temporary method of 
fixation and revised at a later date. Conversion 
to an intramedullary nail should be performed 
early, since delays of over several weeks have 
been associated with high infection rates [20]. If 
such a conversion is planned from the outset, 
a pinless fixator may be a better option. 


External fixators are the device 
of choice in severely soiled 
and contaminated wounds. 
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By the end of the initial operation, resus- 
citation should be complete and all injuries 
evaluated. The full extent of the open fracture 
should have been carefully assessed, the wound 
meticulously debrided and lavaged, and the 
fracture stabilized. Wound cultures should be 
taken at the end of the surgical procedure. The 
wound should be left open, although surgical 
extensions may be primarily closed, if this can 
be done without tension. 
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11.7 Summary 


The initial surgical procedure is now complete, 
but débridement is not, since it should be consid- 
ered as a staged procedure in which all but the 
most minor wounds are surgically re-explored 
within 48-72 hours. All the recesses of the 
wound should be fully revisited and hematoma 
and exudate should be removed by lavage. The 
state of tissues of previously dubious viability 
should now be obvious and further débride- 
ment performed as appropriate. If necessary, 


Fig. 5.1-7: Application of external fixator in a Illa open 
tibial and fibular fracture involving the tibial plateau and 
most of the shaft. 

a) Extensive multifragment fracture of proximal tibia and 
fibula extending into shaft in a 47-year-old male caught 
under a rock (41-B1/42-C2). 

b) Lag screw fixation of articular fracture and unilateral 
external fixation, x-rays after 5 months and after removal 
of one bar. 

c) Follow-up after removal of external fixator and well- 
consolidated fracture healing. 

d) Clinical aspect 8 months after injury, good function, no 
disability. 


Fig. 5.1-8: Staged management of Illa open fracture of 
distal end of tibia (pilon fracture): 

a) 43-C2 fracture in 34-year-old male after motorcycle accident. 

b) Tibial shaft penetrating on medial side of leg, neurovascular status 
intact (IO3-MT2-NV1). 

c) As first step the wound was debrided and left open. A joint bridging 
external fixator was applied. 

d) With safe soft-tissue conditions the fibula was plated with 3.5 LC-DCP 
and the joint bridging fixator converted to a hybrid frame. Cancellous 
autograft for tibial defect. 

e) Removal of hybrid fixator after 20 weeks. Follow-up at 2 years with 
good functional result and minimal posttraumatic arthrosis. 

f) Clinical aspect and function of ankle joint. Soft-tissue healing occurred 
without major plastic procedure. 
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Delayed union and non-union 
occur more frequently after 
open fractures than in closed 
fractures. 


Early fracture stabilization and 
soft-tissue reconstruction 
promote early movement. 


the débridement should be repeated at 48-hour 
intervals. 

The goals of the primary surgical operations 
are to gain early control of the open fracture 
and its environment to allow progress to recon- 
structive procedures. 


12 Skin cover and soft- 
tissue reconstruction 


(Chapter 5.2) 


Skin cover and soft-tissue reconstruction pro- 
cedures should be performed early. Leaving the 
wound open longer than 7 days increases the 
risk of infection. In practice, small type I wounds 
may be left open to granulate and heal quickly 
by second intention. Type II and type Ila 
wounds may occasionally be closed by delayed 
primary suture, but care should be taken to 
avoid tension. A releasing incision may be 
considered but care should be taken to avoid 
ischemia of the intervening skin bridge. More 
frequently, these wounds are covered by split 
skin grafts. These are of particular value if the 
wound has a healthy soft-tissue floor but can 
occasionally be used to provide short-term 
cover of exposed periosteum. Meshing the skin 
reduces the risk of the graft being lifted off by 
hematoma and exudate and minimises the area 
of donor skin. By definition, type Ib wounds 
leave bone exposed and usually require the 
transfer of soft tissues as well as skin to re- 
construct the defect. Local fasciocutaneous flaps 
remain useful when the skin wound is relati- 
vely small and if the skin adjacent to the wound 
is in good condition. Muscle flaps have the great 
advantage of introducing a rich local blood 
supply to the wound and underlying damaged 
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bone. They can be turned as a composite myo- 
cutaneous flap including skin, but more usually 
as a muscle only flap, which is then covered by 
split skin graft. Large wounds and those un- 
suitable for a local flap are best covered by a free 
flap (chapter 5.2). 


13 Bone reconstruction 


Delayed union and non-union occur more 
frequently after open fractures than in 
closed fractures and in proportion to the 
severity of injury. In the more severe cases, 
particularly those with circumferential bone 
loss, non-union can be predicted. Surgical 
intervention to reconstruct bone defects and 
stimulate fracture healing should thus be per- 
formed relatively early. This may be combined 
with soft-tissue reconstruction or, more fre- 
quently, be delayed until after the soft tissues 
have healed. In most instances, a cancellous 
bone graft is used, but major segmental defects, 
in particular those greater than 6 cm, may 
require a free fibular graft, a free composite 
graft, or the use of bone transport techniques. 
Depending on the method used, any temporary 
fracture fixation may be revised at this time. 


14 Rehabilitation 


If the goals of “return to normal function” are 
to be achieved, the management of these in- 
juries must not be regarded as a surgical exer- 
cise only. The great benefit of an aggressive 
surgical approach involving early fracture 
stabilization and early tissue reconstruction 
is that joint and soft-tissue immobilization 
is avoided and early movement facilitated. 
These advantages should be exploited by the 


patient and rehabilitation team and goals should 
be set to maximize the potential benefits. No- 
where is the long held concept of the AO “Life 
is movement: Movement is life” so important. 


15 Pitfalls and 
~ complications 


The management of severe open fractures is 
time-consuming and difficult. It involves 
staged, often technically demanding surgical 
procedures, the timing of which is crucial and 
requires close cooperation between the ortho- 
pedic surgeon and the plastic surgeon. Basic 
principles must be carefully followed, but inge- 
nuity is required to deal with the complexities 
of each individual case. Experience, technical 
skill, and significant resources are required and 
this often means transferring the patient to a 
specialist center where these are freely avail- 
able. The possible pitfalls along the way are 
numerous. Infection remains the major risk 
and almost inevitably follows poor surgical 
technique, inadequate débridement, or a 
delay in achieving skin cover. The risk of 
compartment syndrome is high and fasciotomies 
must be performed liberally. Inadequate or 
delayed soft-tissue and bone reconstruction will 
be followed by delayed or non-union. Pro- 
longed immobilization and lack of appropriate 
rehabilitation result in poor function despite 
successful soft tissue and fracture healing. 


16 | Special situations 


16.1 Vascular injuries 


Open fractures associated with major vessel 
disruption are classified as type Gustillo IIc by 
definition. They are frequently associated with 
devastating damage to bone, soft tissues, and 
neurological structures. Despite strict adherence 
to the principles and techniques already de- 
scribed, the outcome is disappointing with 
reported overall amputation rates in excess of 
40% [21]. Type IIIc open fractures of the tibia 
carry a particularly poor prognosis, with ampu- 
tation rates of over 50%, even if treated in the 
best of hands [1]. These injuries require ex- 
tremely careful assessment. The decision on 
salvage or to primary amputation depends on 
sensible, rational, and mature judgement. To 
persist with futile attempts at salvage in 
a situation clearly doomed to failure is ill- 
conceived. It commits the patient to a long- 
term program of painful and psychologically 
distressing surgery and rehabilitation, only to 
end up with amputation (Fig. 5.1-9). The prob- 
lem lies in determining which limbs are sal- 
vageable and which are better primarily ampu- 
tated. Several authors have attempted to 
address this issue [22-25]. In tibial injuries the 
consensus of opinion is that disruption of the 
posterior tibial nerve with an insensitive sole of 
the foot or severe crush injury with a warm 
ischemia time of over six hours are absolute 
indications for primary amputation. Further 
relative indications include severe associated 
polytrauma or severe ipsilateral foot trauma 
with an anticipated protracted course to obtain 
soft-tissue cover and tibial fracture healing 
(chapter 5.2). 


The management of severe 
open fractures is time- 
consuming and difficult. 


Futile attempts at salvage in 
situations doomed to failure 
are ill-conceived. 


Infection remains the major risk 
and follows poor surgical 
technique, inadequate débride- 
ment, or delay in skin cover. 


633 


634 


In cases amenable to attempted salvage, 
urgent revascularization is the immediate goal. 
In the lower limbs angiography is only neces- 
sary in situations where the level of vascular 
injury is unclear. Whenever possible, this should 
be performed on the operating table to avoid 
wasting valuable time in the angiography suite 
[21]. Rapid fracture fixation prior to the vascu- 
lar repair provides protection to the anasto- 
mosis. The method of fixation is less important 
than the time needed to achieve it. Temporary 
vascular intraluminal shunts may provide valu- 
able extra time. Fasciotomy is mandatory in 
anticipation of reperfusion swelling. Even in 
these carefully considered situations, secondary 
tibial amputation rates approach 50% and the 
final functional outcome in salvaged limbs is 
often disappointing. 
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Fig. 5.1-9: 

Mangled lower leg in a 19-year-old 
female polytraumatized after 
motorcycle accident. No circulation 
or sensory-motoractivity distal to 
injury (IO5-MT5-NV5). Situation 
before amputation. 


16.2 Gunshot injuries 


As with blunt injuries, the severity of damage 
resulting from a gunshot injury is related to the 
amount of energy dissipated at the time of 
impact (mv?/2). High velocity rifles (muzzle 
velocity > 600 m/sec) and close-range shotguns 
may cause devastating injuries because of the 
high energy of the impact, the secondary cavi- 
tation produced, and the secondary missile 
effects of shattered bone fragments (Fig. 5.1-10). 
Fortunately, most gunshot wounds encountered 
in civilian practice are caused by low velocity 
handguns (< 500 m/sec) and are less severe 
unless neuro-vascular structures are damaged. 
Cavitation is not significant and although bone 
fragmentation may be considerable, the second- 
ary missile effects are minimal and bone frag- 
ments are rarely stripped off their soft-tissue 
attachments and blood supply. 
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Fig. 5.1-10: Rifle injury to distal femur in 
40-year-old male, disruption of popliteal artery 
and vein. 

a) Close-range rifle injury shattering distal femur. 
b) Final fixation, accepting 25 mm shortening 
with arteriogram showing good distal outflow 
following 3-stage procedure: i) provisional 
fixation, ii) vascular repair, iii) completion of 
fixation. 

c) Distal femoral healing at one year. 

d) With good recovery of knee function patient 
requested femoral lengthening. 

e) Follow-up x-ray one year later. 

f) Final length with full return to employment as 
a laborer. 


High velocity weapons and close-range shot- 
guns produce severely contaminated type III 
open fractures which should be surgically man- 
aged according to the principles and techniques 
already outlined for high-energy blunt injuries. 
Low velocity weapons may produce significant 
fracture comminution, but since soft-tissue 
attachments are not disrupted, these fractures 
behave in a relatively benign way. Soft-tissue 
wounds are not severe and skin wounds are 
small. Widespread experience in violent com- 
munities has shown that these wounds can be 
managed by minor débridement and virtually 
ignored in relation to the fracture, which should 
be treated on its individual merits. However, 
careful neurovascular assessment is essential 
and caution should be employed in the case of 
the tibia and in close-range injuries. Bullets 
lodged in joints should be removed to avoid 
lead arthropathy and systemic lead poisoning. 


17 Summary 


An open fracture is defined as one which com- 
municates with the surrounding external envi- 
ronment. Open fractures represent approxi- 
mately 3% of all limb fractures and most fre- 
quently occur as a result of high-energy trauma. 
Co-existing multiple injuries are common. The 
severity of injury can be classified and is the 
most important factor affecting outcome. The 
ultimate goal is the early return of normal func- 
tion of the limb and is dependent on the adher- 
ence to the basic principles of prevention of 
infection, early soft-tissue and fracture healing, 
restoration of the anatomy, and functional 
recovery. Management protocols should follow 
the sequential steps of careful initial assessment, 
staged meticulous wound débridement, fracture 
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stabilization, soft-tissue and bone reconstruc- 
tion, and rehabilitation. The surgical techniques 
are demanding and are dependent on the 
availability of appropriate resources, including 
orthopedic, plastic, and microvascular surgical 
expertise. The possible pitfalls are many and 
may lead to disastrous complications. However, 
in the majority of cases these pitfalls can be 
avoided by careful attention to detail and the 
application of rational and mature clinical 
judgement. 
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Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/51.htm 
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Principles of management 
of soft-tissue loss 


Alain C. Masquelet 


1 Introduction 


Over the last two decades, considerable ad- 
vances have taken place in the management of 
high-energy extremity trauma. Several factors 
have contributed to this evolution: 


e The increasing incidence of severe 
injuries. 

e The concentration of clinical exper- 
ience in trauma centers. 

e The improvement in stabilization 
techniques and materials. 

e And, most importantly, the enormous 
advances in the development of pro- 
cedures for repairing soft-tissue defects. 


Until recently, the fracture was seen as the 
dominant element of these injuries, probably 
because trauma and orthopedic training was, 
by tradition, centered on the care of bone and 
joint injuries. 

Now, however, injury to the soft tissues 
has been accepted by the orthopedic and 
trauma surgeon as being the most impor- 
tant component of high-energy trauma, 
often dictating the initial, and sometimes the 
definitive, management of the injured ex- 
tremity [1, 2]. 


This awareness of the importance of the 
soft-tissue injury to the final fate of the 
severely traumatized extremity has raised a 
series of theoretical and practical questions 
which impinge on the responsibilities of 
orthopedic and trauma surgeons. 


Why, when, how? Who should close 
the wound? 

What should be done in the emergency 
situation? 

When should the soft tissue be 
repaired? 

What procedures are available to 
perform the repair? 

Who should perform the soft-tissue 
repair? 


Crucial questions have emerged about the 
assessment of the lesion, the proposed classi- 
fication schemes, the predictive indices, the 
stabilization of the fracture, and the manage- 
ment of a large initial bone defect. Definitive 
answers to these questions should promote an 
optimal combination of techniques for soft- 
tissue management and bone reconstruction. 


Wound closure: 
why, when, how, and who? 


Injury to the soft tissues is the 
most important component of 
high-energy trauma. 
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Since every injury is unique, it 
is difficult to devise any sort of 
standard decision- making 
algorithm. 


A soft-tissue defect is a bowl, 
with the various layers as its 
walls and the exposed deep 
structure as its base. 


The envelope is composed of 


_ the skin, subcutaneous tissue, 


and deep fascia. 


Granulation tissue is at once 
the best thing and the worst 
thing. 


Repair of the envelope is 
essential for fracture healing 
and restoration of active 
motion. 
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Nonetheless, the overwhelming variety of 
the lesions makes it difficult to devise any 
sort of standard decision-making algo- 
rithm, since every injury is unique and 
requires its own specific solution [2, 3]. 

Therefore, we are going to present only 
those principles which are valid for the majority 
of the cases. 

The redefinition, in the last two decades, of 
the blood supply to the skin and muscles, with 
its clinical applications to wound coverage by 
the use of muscle or skin flaps, has revolu- 
tionized the treatment of complex musculo- 
skeletal trauma. 


2 Why close the wound? 


This question may seem ridiculous, but we 
should first be absolutely clear about the neces- 
sity to repair soft-tissue defects, based on a cor- 
rect concept of soft tissues and soft-tissue defects. 

The soft tissues comprise several layers and 
components, including skin, subcutaneous 
tissue, fascia, muscle, periosteum, tendon units, 
and neurovascular bundles. The envelope, 
which is of paramount importance, is com- 
posed of the skin, subcutaneous tissue, 
and deep fascia. 

Looking at the locomotor apparatus, the 
muscles, tendons, nerves, and vessels represent 
the motor “engine” which, in turn, drives the 
frame, constituted by the bones and joints. The 
closing of a wound, i.e., the repair of the 
envelope, is essential for healing of the 
fracture and restoration of active motion, 
implying healthy joints and functional mus- 
culotendinous and nerve units [1, 4, 5]. 

The two main possibilities for treating a soft- 
tissue defect are promotion of spontaneous 
healing and surgical procedures. The dilemma 


is how to choose the optimal solution. This 
requires a good understanding of how soft 
tissues heal. The attitude of the surgeon is 
governed by assessment of the defect, the pos- 
sibilities of a spontaneous healing, and the 
availability of surgical procedures for tissue 
repair. This assessment is crucial; it comprises 
two questions: 


I) Which tissue is involved in the defect? 
2) What deep structure is exposed? 


If a soft-tissue defect is seen as a bowl, the 
various layers are its walls and the ex- 
posed deep structure its base. The possibility 
of spontaneous repair of the defect by ingrowth 
of granulation tissue, which implies coverage 
of the deep structure, should be assessed as 
follows: 


a) Are the surrounding tissues (walls of 
the bowl) well enough vascularized to 
generate granulation? 

b) Is the exposed structure (bottom of the 
bowl) likely to produce granulation? 

c) And—an essential question—is it, in 
fact, desirable for this deep structure to 
be covered by granulation. 


It is important to understand that in this situation 
granulation tissue is at once the best thing 
and the worst thing; the best because it means 
a good capacity for the tissue to repair spontane- 
ously by fibroblastic proliferation, and the worst 
because such tissue is always inflammatory and 
infected, and the healing leads to fibrous tissue. 
Thus, repair of the defect by granulation tissue 
implies two risks: an immediate risk of infection 
of the deep structure and, in the longer term, 
a retractile scar impeding the normal excursion 
of the underlying mobile structures. 


One can ask what kind of tissue can repair 
by granulation: 


e Subcutaneous tissue: This is composed 
of grease and is poorly vascularized, 
especially when it is thick. This, when 
exposed, produces poor granulation 
and tends to evolve into an eschar. 
Most of the time it proves preferable, 
after a short period, to excise the layer 
of grease in order to apply a split-thick- 
ness skin graft on well-vascularized 
fascia or muscles. 

e Fascia: Fascia on its superficial aspect is 
well vascularized by a fine areolar 
tissue which granulates very well. 
However, in a degloving injury pro- 
duced by shear forces, this layer, with 
its blood supply, is destroyed and is no 
longer suitable for granulation or for 
accepting a graft. Excision is therefore 
indicated. 

¢ Muscles: Muscular bellies are well 
vascularized and certainly the best 
tissue at providing a plane of gran- 
ulation to be covered by skin graft. 

e Tendons: Tendons are normally covered 
with a thin, well-vascularized tissue 
(e.g., the extensor tendons on the 
dorsum of the hand). This tissue has 
both protective and vascular roles and 
provides a good bed for applying a 
skin graft or producing granulation. 
However, fibrous scar tissue or ad- 
hesion to the skin graft can restrict 
tendon excursion. For that reason, 
tendons should be covered by flaps. 
A fasciocutaneous flap is preferable to 
a muscle flap, since its deep aspect 
provides a gliding surface over the 
course of the tendons. 


2.1 Nerves and vessels 


Nerves cannot remain exposed for long 
without definitive damage to their blood 
supply, and should therefore be quickly covered 
by a flap. On the other hand, a vascular bundle, 
comprising artery, venae comitantes, and a cuff 
of surrounding vascularized tissue, can remain 
exposed since the protective tissue provides 
good granulation. However, any vein graft to 
restore the continuity of the interrupted vas- 
cular axis should be covered in some way by a 
surgical procedure. 


2.2 Bone and joints 


High-energy trauma often implies exposure of 
the skeletal frame. An exposed joint must be 
covered quickly to avoid infection. Fascio- 
cutaneous flaps are preferable. They provide a 
supple tissue which is likely to preserve the 
motion of the joint, especially at the upper 
extremity. An exposed long bone requires 
precise assessment. If the vascularized peri- 
osteum is intact, without underlying fracture, 
as happens in a degloving injury, granulation 
tissue will provide excellent coverage. However, 
granulation tissue does not proliferate on de- 
nuded cortical bone unless the area exposed is 
quite small, when the defect is repaired from 
the surrounding tissues. 

If there is a fracture, the problem is quite 
different and repair of soft-tissue defect by 
granulation is inappropriate. Granulation tissue 
is inflammatory and contaminated and leads to 
infection of the medullary canal through the 
fracture site [5]. One should remember that 
interrupted cortical bone, even without peri- 
osteum, can remain uncovered for a long time 
without being infected, unless the medullary 


Nerves cannot remain exposed 
for long without definitive 
damage to their blood supply. 


An exposed joint must be 
covered quickly to avoid 
infection. 
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Assessment of the tissue 
defect is crucial in selecting 
the repair procedure. 


The urge to classify is inherent 
in the human spirit. 


Ultimately, the repair of any 
soft-tissue defect is best 
obtained surgically. 
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canal is exposed. When it is, infection is very 
swiftly acquired, so an open fracture should be 
rapidly covered using a surgical procedure, 
while a segment of healthy bone, with intact 
periosteum, can safely await coverage with 
granulation tissue. 

It follows from these considerations that 
assessment of the tissue defect is crucial in 
selecting the repair procedure. Numerous 
factors should be taken into account, including 
the size of the defect, the nature of the sur- 
rounding tissues, their viability, the severity of 
any infection, the nature of the structure ex- 
posed, and the evaluation of how spontaneous 
repair of the defects might turn out. Successful 
wound closure implies removal of necrotic 
tissue, control of any infection, and the assur- 
ance of a good blood supply. Once decided, the 
management of tissue granulation is both 
technically demanding and time consuming. 
Alternate dressings with pro-inflammatory and 
anti-inflammatory products are mandatory. 
Recent studies have confirmed the possibilities 
of using vacuum-assisted closure [6]. There is 
considerable evidence that this principle works! 
There should be strict immobilization of the 
bone and joint frame to promote the granula- 
tion process, although trophicity and stiffness 
are often the price to be paid. Ultimately, in 
the majority of cases, repair of a soft-tissue 
defect will be quickly obtained by a sur- 
gical procedure, using a flap. 


3 The problem of the 
classification of the 
lesions! [2, 3, 7-9] 


The urge to classify is inherent in the 
human spirit. It facilitates the transmission of 
the knowledge and experience and it provides 
a basis for determining the treatment and esti- 
mating the prognosis. Moreover, it constitutes 
a tool for comparison of results. Despite many 
attempts over the years, progress in this field 
has, for several reasons, been disappointing. 
Some classifications of open fractures do not 
take account of the severity of multiple lesions 
of the various soft-tissue components. The 
schemes of Cauchoix and Duparc [7] refer only 
to the external envelope without considering 
the deep lesions. Gustilo and Anderson [8] 
include the possibility of adequate bone cov- 
erage but do not detail the injuries to the soft 
tissues. 

More recent attempts have sought to address 
in more detail the assessment of the soft-tissue 
injury. Tscherne’s classification [9] refers to the 
overall severity of the soft-tissue lesion, whereas 
the AO scheme [9] seems to be the most accom- 
plished attempt so far to evaluate soft-tissue 
injuries in specific terms. Each component of 
the soft-tissue envelope is graded separately on 
a scale, including the skin, muscles, tendons, and 
the neurovascular bundles. However, the 
progressive complexity of these classifications 
serves only to confirm that each major injury 


1 Editors’ note: We feel that the views expressed in this chapter 
are most valid for the more experienced trauma surgeon. For an 
alternative approach please see chapter 1.5. 


has its own specificity and that the initial 
major task for the surgeon is not so much to 
classify the injury but to describe as well as 
possible all of its components, bone and soft 
tissue alike, without forgetting the periosteum. 
Fitting this description into a classification 
should be, in our opinion, a secondary task to 
facilitate computer entry or other documenta- 
tion. The difficulty with classification is bound 
up with the subjectivity of the assessment and 
in this context a recent study [10] has pointed 
to poor interobserver reliability between trauma 
or orthopedic surgeons, despite their expertise. 
Moreover, the assessment of, in particular, soft- 
tissue lesions requires continual re-evaluation. 
The initial assessment is seldom sufficient 
because, in complex trauma, it is impossible to 
define the lesions before the débridement has 
revealed their extent. Therefore, the initial 
energy of the trauma, the various degrees of 
damage to each tissue component, and suc- 
cessive débridements all combine to constitute 
the personality of the injury, which is more that 
the sum of its component lesions [2]. This 
personality, in keeping with the definition of 
the word, is, of necessity, unique and is con- 
sequently difficult to fit in to a system of 
classification, especially at the outset. 


4 The assessment of the 

~ patient and the problem 
of an early amputation 
(11, 12] 


In complex injuries, one should determine 
whether limb salvage is possible and de- 
sirable. Certain very severe lesions must be 
specifically assessed and accurately documented, 


such as the loss of sensitivity of the weight- 
bearing area of the foot or the possible exist- 
ence of a compartment syndrome. An open 
fracture, however severe, does not ex- 
clude a compartment syndrome in a deep 
or localized compartment which has not 
been laid open by the initial trauma. 

The general status of the patient is assessed: 
the presence of shock or significant blood loss 
will influence the viability of the soft tissues. 
Any underlying medical problems, diabetes, 
neurological disorders, or peripheral vascular 
disease should be taken into account before 
undertaking reconstruction. The challenging 
problem is that the treatment should be pre- 
cisely appropriate for the individual patient, 
following a rigorous analysis; this demands 
great experience on the part of the surgeon. 


Sometimes in extremely severe crushing 
trauma, bone and soft-tissue reconstruction is 
obviously not feasible. In some other difficult 
situations, the physician estimates that salvage 
is possible, but not desirable for the patient 
because the final functional outcome will be 
very poor. This usually happens in the elderly 
or in patients with a large nerve defect involv- 
ing the posterior tibial nerve, associated with 
considerable loss of muscle. 

Generally speaking, in the upper limb, there 
is no indication for amputation when recon- 
struction is feasible. Any function of the upper 
limb, however poor, is always preferable to a 
prosthesis. The dilemmas of amputation largely 
concern the lower extremity, since a well-fitted 
prosthesis below the knee should be seen as an 
excellent alternative option [12]. On the other 
hand, amputation at the level of the thigh 
should only be considered when the salvage is 
impossible. Nonetheless, we think that even 
where limb salvage is possible, though perhaps 


The initial major task for the 
surgeon is to describe as well 
as possible all the 
components of the injury. 


An open fracture, however, 
does not exclude a deep 
compartment syndrome. 


In complex injuries, one should 
determine whether limb salvage 
is possible and desirable. 
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In case of amputation the 
sacrificed parts must be 
preserved. 


Indices are no substitute for 
clinical judgement, as every 
case is specific. 


Bone stabilization and 
reconstruction procedures 
cannot be considered 
separately. 
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not desirable, amputation should, as a rule, not 
be performed in the emergency situation. It 
must be discussed with the patient at the first 
opportunity, before setting out on the complex 
prolonged and hazardous path of reconstruction. 
In any event, an amputation, immediate 
or secondary, must imply the possibility of 
using the sacrificed part for vascularized 
or conventional transplants of tendon, 
bone, skin or muscle flap, nerve graft, etc. 

From a practical point of view, predictive 
indices to identify high-energy extremity 
injuries which are beyond salvage are no 
substitute for clinical judgement, since 
every case is specific. The problems of pre- 
dictive indices are similar to the problems of 
classification [2, 13]. An important decision 
such as an amputation cannot be taken solely 
on the basis of a numbered scale. The only two 
elements which must be consistently and ac- 
curately assessed in decision making are the 
posterior tibial nerve deficit, providing sen- 
sibility to the plantar aspect of the foot, and the 
degree of muscle damage. These two factors 
correlate best with the outcome in terms of 
initial healing and ultimate function. 


5 Bone stabilization 


Bone stabilization cannot be considered 
separately from soft-tissue reconstruction 
procedures, even if the latter are not to be per- 
formed immediately. Internal fixation, whether 
by intramedullary nail or screws and plates, 
will, after the débridement, require either a 
viable soft-tissue envelope or immediate cov- 
erage. If wound closure is not possible without 
using a flap, coverage and fixation should be 
undertaken in the same operation as this will 


ensure an excellent and definitive débridment 
and the certitude that the surgical procedure 
employed will be viable [3]. 

It is of paramount importance to understand 
that there is a high risk of infection in leaving 
any fracture exposed after it has been stabilized 
by an internal fixation procedure, because this 
makes it difficult to carry out repeated débride- 
ment and cleaning of the fracture site. 

In most situations, plating is recognized as 
inappropriate because it further damages the 
periosteum, and the additional volume of mate- 
rial makes closure more difficult. Intramedul- 
lary nailing combined with immediate wound 
closure now represents a widely accepted pro- 
tocol in open fractures. But if the surgeon 
decides not to close the wound immediately 
because of infection, uncertain quality of dé- 
bridement, or lack of expertise in flap pro- 
cedures, he should apply an external fixator. 
This represents a safe, reliable, and reasonable 
solution which will provide effective stabili- 
zation of the fracture with easy access to the 
soft tissues. 

The unilateral frame is generally preferred to 
the circular frame which is difficult to apply in 
the emergency situation and makes access to 
surrounding tissue difficult. 

The conditions for the use of an external 
device are as follows (see chapter 3.3.3): 


¢ Emergency placement should be easy 
and quick. 

¢ Pins and frame should not obstruct 
access to the envelope. In the leg, 
medial and lateral aspects should be 
kept free to allow mobilization of flaps 
from the posterior compartment. 

¢ The frame must be easily loosened to 
facilitate repeated débridement and the 
cleaning of bone extremities. 


Placement of the pins of the fixator must 
not impede the rotation of flaps, so the 
surgeons should calculate the main possi- 
bilities of coverage before placement of the 
pins [14]. This consideration must be strongly 
emphasized during specialist training and 
during the integration of multispecialist teams. 

Fixation of the fibula considerably im- 
proves the rigidity of the skeletal frame 
and contributes to the stability of the soft-tissue 
envelope. In our opinion, a segmental fracture 
of the fibula should always be stabilized at both 
levels. 


6 Emergency 
management 


After initial assessment, which must continu- 
ally be reviewed, the goal of treatment is to 
prevent infection, to restore, if needed, the 
blood supply to the extremity, and to preserve 
function. The main steps of the surgical man- 
agement are: 


e Débridement 

e Vascular repair 

¢ Bone stabilization 
* Wound closure 


6.1 Débridement 


This stage is of crucial importance to obtain a 
clean wound. The principle is to evacuate the 
hematoma and to excise all non-viable tissue. 
Even in stage I and I of Cauchoix classification, 
the skin wound should be widely extended to 
permit exploration of the deep-tissue planes 


and the removal of non-viable muscle seg- 
ments. 

The current trend is to be less aggres- 
sive in skin excision and more aggressive 
in excising non-viable deep tissue [2]. 

Initial excision can be done under a tourni- 
quet which should then be deflated for the 
more detailed final stages. Extensive fascio- 
tomies should be performed prophylactically, to 
prevent compartment syndrome. 

Cleaning of the bone ends is essential to 
prevent medullary infection. A large completely 
detached bone fragment should not be routine- 
ly discarded. If the wound is not obviously and 
massively infected, it is worth keeping the 
fragment and fixing it by a minimal internal 
fixation, to improve the reduction and the 
stability of the fracture. Nonetheless, we em- 
phasize that, if this is to be done, immediate 
wound closure must be possible and this is not 
always the case. 

It is acknowledged that irrigation low- 
ers the risk of infection. However, we do 
not advocate pulsatile irrigation techni- 
ques. These may provoke additional trauma to 
soft tissue and instead of removing deeper 
particulate foreign matter, may drive it further 
in. 


6.2 Revascularization 


If there has been prolonged ischemia it is 
advisable to revascularize the extremity as 
soon as possible. Before stabilization of the 
bone, a temporary shunt is employed to restore 
continuity of the main vascular axis and to 
supply the distal extremity. Then, after stabiliza- 
tion of the skeleton, vascular repair by a graft 
is usually carried out. 


In external fixation pin 
placement is crucial for later 
reconstructive procedures. 


Be less aggressive in skin 
excision and more aggressive in 
excising non-viable deep tissue. 


Fixation of the fibula 
considerably improves the 
rigidity of the skeletal frame. 


Irrigation lowers the risk of 
infection, but pulsatile 
irrigation is not advocated. 


Revascularization should occur 
as soon as possible. 
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Wound coverage should be 
done before the end of the 
first week. 
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6.3 Bone stabilization 
To restate the principles: 


e If closure is delayed, an external device 
is mandatory. Fixation of the fibula in 
severe trauma to the lower leg improves 
the stability of the skeletal frame and of 
the soft-tissue envelope. 

e In case of circumferential bone loss a 
cement spacer or antibiotic-impregnated 
PMMA beads may be placed into the 
bone defect at the same time as closure. 
Major bone reconstruction is not advo- 
cated as an emergency procedure. The 
cement spacer will preserve space for 
secondary reconstruction [1, 3]. More- 
over, the bone membrane induced by 
the foreign body promotes corticalization 
of a later cancellous bone autograft [3]. 


6.4 Wound closure 


When should it be done? 

After thorough débridement, followed by 
vascular repair and bone stabilization, the 
problem is to get the wound closed. If vital 
structures, such as nerve and vascular grafts, 
have not been left exposed and the bone was 
stabilized by an external fixator, coverage can 
be delayed for 3-5 days. Godina [15] has 
shown that coverage within 72 hours is effect- 
ive and safe and decreases infection rates. 
Coverage should be done in the acute phase— 
the first 5 days according to Byrd et al. [16] and 
the first 17 days according to Yaremchuk et al. 
[17]. Most authors [4, 14, 18, 19] agree that 
coverage is required before the end of the 
first week. 


The routine of performing immediate cover- 
age in all cases [20] is not, in our opinion, a safe 
approach because of the difficulty and un- 
certainty of evaluating the tissue viability in the 
emergency situation. 


6.5 Schematically, one can 
consider several 
situations 


Skin closure is achieved at the outset. Indeed, 
this is the ideal solution, which corresponds to 
stages I and II of most classifications. 

Skin closure is not possible, but coverage 
of the vital underlying structures, tendons, 
neurovascular bundles, and fracture remains 
feasible by suturing vascularized subcutaneous 
tissue or muscle to the edges of the surrounding 
skin without using a flap. 

Some components remain exposed but 
they are covered with some well-vascularized 
tissue. Granulation tissue will proliferate, but 
one should try to foresee the final functional 
outcome in order to estimate whether or not 
this process is desirable. As an example, intact 
bone and tendons on the dorsum of the foot 
can, in functional terms, tolerate coverage by 
granulation tissue. 

Wound closure is impossible to do as a pri- 
mary procedure. At the end of the débridement 
and stabilization, the fracture site remains 
exposed. Clinical assessment of tissue viability 
of the wound is crucial in determining which 
kind of surgical procedure is needed to cover it. 
Here again, different scenarios must be con- 
sidered: 

e The débridement performed is judged 
as definitive: the remaining tissues are 
obviously healthy, well supplied, and 
non-infected, and a local rotational 


pedicle flap is feasible. Coverage must 
to be done immediately because 
rotating a local flap will be more 
difficult a few days later, due to 
edema and the development of an 
inflammatory reaction which can 
impair the mobilization of the flap and 
its arc of rotation. When conditions for 
coverage are ideal but when a local flap 
is not possible, one can perform a free 
flap immediately, but it requires a very 
specialized environment and facilities. 


Débridement is uncertain, tissue 
viability is not well defined, and the 
wound is massively infected. Immedi- 
ate coverage does not seem a reason- 
able option. All viable tissues should be 
retained and reassessed 1 day later. 
Repeated débridement is required 
until the wound is finally clean. 
Between surgical débridements a 
temporary dressing should be applied 
and left in place. Dressings must avoid 
desiccation and infarction of vital 
exposed structures (nerves, arteries, 
tendons, and bones); so instead of 
packing the wound with wet gauze 
which dries in a few hours, an antibiotic 
bead pouch can be applied to maintain 
a physiologically moist environment. 
The dressing should promote neither 
the desiccation of the structures exposed 
nor the granulation process which 
means the development of the infec- 
tion. Proinflammatory dressings are 


should be debrided a number of times 
before the definitive closure. It is 
important that delayed coverage be 
performed no more than 10 days after 
the initial injury, and preferably before 
the end of the first week. It must be 
done, in any event, before the develop- 
ment of granulation, which will affect 
all the tissues and particularly the 
venous return from the injured area. 


Delayed definitive coverage allows a 
good assessment of the tissue by means 
of repeated débridement and gives time 
for arteriography, to help in planning 
the coverage procedure. Indeed this 
situation demands a coordinated plan 
for fracture stabilization and soft-tissue 
repair. At the time of coverage the final 
débridement must be performed at the 
site of the fracture. The fracture must 
be inspected, the medullary canals of 
the two bone ends must be washed and 
cleared of hematoma and small parti- 
culate matter. This presumes the use of 
a very versatile external fixator which 
allows opening of the fracture itself and 
immediate retrieval of the reduction by 
locking the device. 


7 Soft-tissue repair: how 
to do it p1] 
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Delayed rotation of a local flap 
may be difficult due to edema. 


Primary wound coverage may 
only be performed if 
débridement is considered 
definitive. 


If in doubt, repeated 
débridement is required. 


contraindicated. 7.1 Principles 

Soft-tissue repair should be conceived as a 
reconstructive ladder escalating from the simp- 
lest procedure to the most sophisticated. Each 


e The very similar wounds resulting from 
barnyard injuries, high-velocity 
gunshot injuries, or electrical injuries 
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Immobilization of the entire 
limb generates edema and 
stiffness. 
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procedure has its own indication according the 
size and the depth of the defect, the structures 
exposed, and local considerations such as 
vascular status and availability of regional flaps. 
In many cases different solutions are theoreti- 
cally possible but are restricted by the local 
conditions to a single procedure. 

Table 5.2-1 gives a suggested sequence of 
surgical procedures. 

When a simple solution is not indicated 
(skin graft or rotation flap) we use, as far as 
possible, an island pedicled flap. This is a safe, 
reliable, and quick procedure if the vascular 
conditions have been well assessed. Exposed 
bone is covered by muscle flaps, whereas ten- 
dons are covered with fasciocutaneous flaps. 

Distant pedicled flaps such as the groin flap 
for upper limb reconstruction and cross leg flap 
for the lower limb are not advocated for emer- 
gency use, especially if there is an underlying 
fracture. They are not closed procedures and 
always lead to a local area of inflammation or 
infection. The immobilization of the limb 
required by these procedures generates 
edema and stiffness and one should remem- 
ber the high risk of venous thrombosis asso- 


Table 5.2-1: 


ciated with the cross leg flap. Moreover, the 
blood supply of these flaps will depend on the 
vascular conditions at the recipient site. For 
these reasons groin and cross leg flaps should be 
reserved as secondary resurfacing procedures. 
Nonetheless, despite its numerous drawbacks, 
the pedicled groin flap remains a reliable pro- 
cedure for reconstructive surgery of the hand. 
It now remains to explore the main possibilities 
of coverage by flap procedures according the 
site of the posttraumatic defect. 


7.2 Upper limb 


Three areas should be differentiated: the upper 
arm, the forearm, and the hand and wrist. 
7.2.1 Upper arm 

The upper arm includes the shoulder girdle and 
the elbow; there is no indication for a free flap 
at this level. Open fractures of the shoulder 
girdle, including the head of humerus, the 
acromioclavicular joint, and the clavicle can be 
covered to a limited extent by pedicled flaps of 


The ladder of soft-tissue reconstructive procedures 


. Local plasties (rhomboid flaps). 
. Skin graft. 


. Rotational muscle flaps. 


OCWOMYWAUAWN = 
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. Local island pedicled skin or muscle flap. 

. Distant pedicled flap (groin flaps or cross leg flap). 

. Free skin or muscle flap with vascular anastomosis in situ. 
. Free skin or muscle flaps revascularized by vascular grafts. 


. Spontaneous healing or vacuum-assisted closure 


. Local skin flap “at random” (rotation, translation, or advancement). 
. Local rotational axial skin flap (peninsular flaps). 


pectoralis minor muscle. Huge defects of the 
arm and the elbow can be safely reconstructed 
by the latissimus dorsi pedicled flap (Fig. 5.2-1 
and Fig. 5.2.-2). Very large soft-tissue defects 
which could compromise flexion of the elbow 1 
are repaired by functional transfer of the latissi- 
mus dorsi according to the Zancolli technique. 
A latissimus dorsi muscle flap, later supple- 
mented by a distal skin paddle, is a suitable and 
reliable technique for repairing open fractures 
of the elbow which can encompass the distal 
humerus or proximal forearm. 


Fig. 5.2-1: The dissection of the 
latissimus dorsi muscle flap. 
The totality of the muscle flap can be 1 Subscapularis vessels 

raised on a patient lying supine with a 2 Circumflex scapular vessels 
carefully positioned sand bag. 3 Neurovascular pedicle 

The anterior border of the muscle is 4 Vascular pedicle to serratus anterior 
slightly retracted in order to expose the 5 Thoracodorsal vessels 


vascular supply. The thoracic vessels 6 Motor nerve to latissimus dorsi 
should be ligated and divided to permit Arrows indicate ligation of vessels needed to 
mobilization of the muscle. mobilize the muscle on its main proximal pedicle. 


Fig. 5.2-2: Area of 
coverage of the pedicled 
latissimus dorsi flap. 

a) Anterior aspect 

b) Posterior aspect 

Note that the muscle can 
cover the posterior aspect 
of the elbow. 
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A groin flap is possible but 
may become infected. 


In open forearm fractures 
primary repair of the envelope 
takes precedence. 


The proximal third of the leg 
as well as of the knee are 
suitable for coverage by the 
two heads of the gastroc- 
nemius muscle. 
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Open injury of the proximal third of the 
arm, with associated soft-tissue and bone de- 
fects, can be treated in a one-stage reconstruc- 
tive procedure by using a composite transfer 
which includes the latissimus dorsi muscle flap 
and a vascularized segment of the 9th or 10th 
rib. 


7.2.2 Forearm 


In the forearm, a fracture of the bone frame 
with a soft-tissue defect compromising the 
function of the hand is a “no go area” for 
pedicle flap procedures. A distant flap from 
the groin is always possible but its draw- 
backs are well known; the major risk is an 
infection of the fracture which must remain 
partially exposed. More frequently, large defects 
of the forearm require a free flap. Primary 
repair of the envelope is of crucial impor- 
tance, since reconstruction of tendon and 
bones can be performed in secondary pro- 
cedures. Available flaps are latissimus dorsi, 
serratus anterior, and scapular muscle flaps. The 
so-called “Chinese” flap raised on the contra- 
lateral radial artery can be a good solution to 
restore, at the same time, a tissue defect and the 
continuity of an interrupted artery giving rise to 
hand ischemia. 


7.2.3 Hand and wrist 


The increasing number of pedicled flaps raised 
from the forearm has correspondingly reduced 
the indications for a free flap at this level. A 
Chinese flap, interosseous posterior flap, or a 
pedicled fascial flap from the distal radial side or 
ulnar side of the wrist can solve practically all 
the problems. All of these generally require 
viable anastomoses between the vascular 
system at the palm or the dorsum of the wrist, 


since they are based on a distal pivot point and 
a retrograde arterial blood flow. 

When no distally-based pedicle flap is avail- 
able, a free flap can come from serratus anterior 
(coverage of the palm of the hand), or from 
temporalis or dorsalis pedis fascia or lateral 
brachial skin area for the dorsum of the hand. 


7.3 Lower limb 


Three areas should be differentiated: pelvic ring 
and thigh, knee and leg, ankle, and foot. In fact, 
most open fractures occur in the lower limb 
including knee, leg, ankle and foot. 

7.3.1 Pelvic ring and thigh 
Indications for soft-tissue repair following 
injury are very rare at the pelvic girdle and 
thigh. Limited defects exposing the anterior 
iliac crest are well covered by a pedicled rectus 
abdominis muscle flap distally based on the 
epigastric artery. Defects of the posterior aspect 
of the pelvis (posterior iliac crest, sacrum) can 
be covered with the gluteus maximus muscle 
flap. Combined trauma of the anterior part of 
the pelvic ring is a good indication for a prox- 
imally-based pedicled vastus lateralis muscle 
flap. 


7.3.2 Knee and proximal third of 
the leg 


The two heads of gastrocnemius are suit- 
able for covering the knee or proximal third 
of the leg. The area of coverage at the knee can 
be considerably increased by a large skin paddle 
overlapping one and half times the area of the 
muscle. A skin paddle supported by the distal 
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Fig. 5.2-3: The distally-based hemi- 
soleus flap for covering the distal third 
of the leg. The flap is supplied by the 
midpoint branch that issues from the 
posterior tibial artery. 
a) Incision 
b) The medial head of the gastroc- 
nemius is retracted to expose the 
superficial aspect of the soleus. The 
proximal attachments are ligated and 
divided. The muscle is split according a 
vertical midline. 
1 Medial head of gastrocnemius 
2 Posterior tibial artery 
3 Medial hemisoleus 
4 Vascular pedicle that constitutes 
the pivot point of the flap 
5 Neurovascular axis in deep 
posterior compartment 
c) The medial hemisoleus is released 
as far as the secondary attachment, 
which constitutes the pivot point of the 
flap. 
1 Hemisoleus 
2 Vascular pedicle arising from the 
posterior tibial artery 
3 Vascular bundle to the skin 
4 Adistal hinge with the lateral 
portion of the muscle is spared. 
d) The muscle flap is rotated on its 
hinge. The flap is supplied by an 
arterial pedicle that is not located in 
the injured area. 
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Combination of flaps may 
allow coverage of larger areas. 
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part of the medial head of the gastrocnemius 
permits coverage of defects at the junction of 
the proximal and middle thirds of the leg. 


7.3.3 Middle third of the leg 


This is the territory to be covered by the soleus 
muscle. Before using this muscle one should 
assess the volume and the length of its muscle 
belly, which varies according to the size of the 
patient. 

Wide short defects of the middle third are 
indications for a proximally-based soleus muscle 
flap. Long and narrow defects over the medial 
or the anterior aspect of the tibia require a 
proximally-based medial hemisoleus flap, which 
is more adaptable than when the whole muscle 
is used. 


7.3.4 Distal third of the leg 


Until recently, the distal third of the leg was a 
true “no go area” for local flaps. New advances 
have broadened the indications for a pedicled 
flap at this level. 


e Small defects of the distal quarter of the 
leg are repaired by flexors of toes. 

e The proximally-based soleus flap 
generally covers the proximal part of 
the distal third. The area that can be 
covered depends on the morphology of 
the muscle. 

¢ The distally-based medial hemisoleus 
pedicled flap can cover practically the 
entire distal third of the leg except for 
the supra malleolar region. Pivot point 
and blood supply are provided by a 
constant branch from the tibialis 
posterior artery at the middle of the leg 
(Fig. 5.2-3). 


Association of flaps can be an inter- 
esting procedure: proximally-based 
soleus flaps and flaps from the flexors 
of the toes or soleus can be combined 
with a subcutaneous fascial supra 
malleolar flap. 

The supra malleolar flap is a very quick 
and reliable procedure to repair a 
defect of the distal quarter of the leg 
(see Fig. 5.2-5d). 

The sural flap based on the vascular 
network of the sural nerve can also be 
used for the distal third. 

The indications for flaps according to 
the level of the defect are summarized 
in Fig. 5.2-4. 


Fig. 5.2-4: Areas of coverage of 
pedicled flaps raised from the 
lower limb. 
Note that the areas of coverage 
of the soleus muscle and 
medial hemisoleus muscle are 
different. 
1 Medial head of 
gastrocnemius 
2  Proximally-based 
hemisoleus 
(proximal third) 
3 Soleus 
4 Distally-based hemisoleus 
(distal third) 
5 Flexor digitorum longus 
6 Flexor hallucis longus 
7 Extensor digitorum brevis 
pedicled on the lateral 
tarsal artery (without inter- 
rupting the continuity of 
the dorsalis pedis artery) 


Fig. 5.2-5: The lateral supra malleolar flap is a 
very useful procedure for coverage of the 
distal quarter of the leg, the ankle, and foot. 
Nonetheless, it requires a good assessment of 
the vascular conditions of the injured area 
and a special expertise in dissection. 
a) Design of the flap. It includes the 
depression in the lower part of the tibiofibular 
space where the perforating branch of the 
peroneal artery pierces the interosseous 
membrane. 
b) Dissection of the flap. A posterior 
cutaneous hinge is maintained. Vascular 
pattern is identified to determine the pivot 
point of the flap which is the sinus tarsi. At 
this point the perforating branch of the 
peroneal artery anastomoses with the lateral 
tarsal artery. The flap is supplied by one or 
two cutaneous branches that issue from the 
perforating branch very close to the inter- 
osseous membrane. 

1 Ligature of the anterior malleolar artery 
Anterior tibial artery 
Deep peroneal nerve 
Inferior tibiofibular ligament 
Anastomosis with the lateral tarsal artery 
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c) The pedicle has been isolated and raised as far as the 
sinus tarsi. The arc of rotation provided by the pedicle 
allows cover of all the areas of the dorsal aspect of the 
foot. 


d) The lateral supra malleolar flap can be used as a 
rotational flap to cover the distal quarter of the medial 
aspect of the tibia. 
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7.3.5 Ankle and foot 


Soft-tissue defects of the foot Soft-tissue defects of the foot are always + Coverage of the heel: The posterior 
are always a special challenge. challenging problems and we will give only aspect of the heel, including the distal 
the principles and the main procedures. insertion of an Achilles tendon, can be 
¢ Small defects of the hind foot may be covered by supramalleolar or sural flaps 
covered by flaps from abductor hallucis (Fig. 5.2-6 and Fig. 5.2-7). Large com- 
muscle on the medial side and from pound defects of the weight-bearing 
abductor digiti quinti on the lateral area of the heel remain an unsolved 
side. These procedures are rarely used problem; repair usually requires a free 
in fresh fractures and should be re- flap, and muscle flaps covered with 
served for secondary procedures. skin are preferable as they are more 
e The extensor brevis muscle pedicled on adherent than a fasciocutaneous flap. 
its supplying lateral tarsal artery is Composite flaps including a piece of 
suitable for covering a limited defect of vascularized bone are difficult to match 
the lateral aspect of the ankle. Con- the defect. Reconstruction of the bone 
tinuity of the dorsalis pedis artery is not is best performed secondarily, either by 
compromised (Fig. 5.2-4). a bone graft or by a progressive bone 
e The dorsum of the foot can be covered transport. 
by a lateral supramalleolar flap (Fig. 5.2-5) 
and a distally-based sural flap. The very last question is the most important of 
Selection of the pivot point of the all: Who should perform the soft-tissue repair? 
lateral supra malleolar flap is subject to The author believes that a perfect coopera- 
a viable anastomosis. Fractures of the tion between plastic and trauma or orthopedic 
calcaneum rendered secondarily open teams is not always easy to achieve, even in 
by skin necrosis on the lateral aspect of highly specialized centers, and he remains 
the hind foot represent a good indi- convinced that the best answer to the question 
cation for a sural flap. lies in the training of specialized reconstructive 


surgeons capable of conceiving a coherent 
strategy of treatment and of performing all the 
procedures including bone stabilization, soft- 
tissue repair, and later, secondary procedures 


The complex lesions of high- such as bone grafting. The complexity of the 
energy trauma require holistic lesions produced by high-energy trauma 
management. requires an holistic point of view and not 


an aggregation of surgical procedures per- 
formed by various separate teams. 


Fig. 5.2-6: The distally-based neurocutaneous 
sural flap. The flap is supplied by the vascular 
axis of the sural nerve. The pivot point of the 
pedicle corresponds to a huge anastomosis 

of the vascular axis of the nerve with the 
peroneal artery. 

a) Design of the flap. The pivot point of the 
pedicle is three finger’s breath proximal to the 
tip of the lateral malleolus. 

b) Isolation of the subcutaneous fascial pedicle. 
c) The flap and the pedicle are raised, fascia (1) 
included. 

d) Arc of rotation allows coverage of the heel. 


Fig. 5.2-7: Indications of flaps 
for coverage of the hind foot. 
1 Flexor hallucis longus 
2 Medialis pedis flap 
3 Medial plantar flap 
4 Lateral supramalleolar flap 
and distally-based sural flap 
5 Peroneus brevis. 
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9 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/52.htm 
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Polytrauma: pathophysiology, 
priorities, and management 


Otmar L. Trentz 


1 Definition 


The term polytrauma means a syndrome of 
multiple injuries exceeding a defined severity 
(ISS > 17) with sequential systemic traumatic 
reactions which may lead to dysfunction or 
failure of remote organs and vital systems, which 
had not themselves been directly injured. 


2 Importance of fractures 


Fractures are frequently components of poly- 
trauma patterns. They must be considered as 
wounds of bone and soft tissue, giving rise to 
stress, pain, and hemorrhage. They can be con- 
taminated and cause compartment syndromes 
with ischemia-reperfusion injury. 

The instability of the skeleton renders the 
patient immobile and abolishes the option to 
select the nursing position most suitable for 
intensive care of brain and chest injuries. 


ax Pathophysiological 
background 


The wound around a fracture is an inflam- 
matory focus, consisting of dead tissue in an 
ischemic or marginally perfused, hypoxic zone. 
This focus behaves like an endocrine organ, 
releasing mediators and cytokines locally to 
tissue macrophages, as well as into the circu- 
lation, thus causing systemic reactions. 

By releasing these substances a cascade of 
local and systemic defense mechanisms is acti- 
vated and immuno-competent cells are attrac- 
ted to control, debride, and repair the tissue 
defects. 

Stress and pain are potent stimuli [1] for 
neuroendocrine, neuroimmunological, and me- 
tabolic responses (Table 5.3-1). If, in addition, 
hemorrhage, contamination, and ischemia- 
reperfusion injury complicate fractures or if 
these are caused by associated injuries, syste- 
mic traumatic reactions produce a whole- 
body inflammation [2] or a Systemic In- 
flammatory Response Syndrome (SIRS). 
SIRS is associated with a general capillary leak 
syndrome and high energy consumption de- 
manding a hyperdynamic hemodynamic state 
(flow-phase) and an increased availability of 
oxygen (Table 5.3-2). This flow-phase generates 


Systemic traumatic reactions 
produce a whole-body inflam- 
mation or a Systemic Inflam- 
matory Response Syndrome 
(SIRS). 


661 


662 


5.3 Polytrauma...—O.L. Trentz 


Table 5.3-1: “Afferent input” in trauma and resulting reflex responses. 


Stress 


Pain 


Endotoxin 
Temperature 


A Blood volume 
Fluid shifts 


Hypoxemia 


Fear | Cortex 


a | Hypothalamus o] Pituitary 


Hypercapnia Receptors a Brain stem >[ Autonomic 


Acidosis 


| Tissue injury 


Table 5.3-2: Parameters to calculate oxygen availability 
(cardiac output, arterial oxygen saturation, concentration 
of hemoglobin) and estimated oxygen requirements in 
rest and severe trauma. A moderate, simultaneous 
decrease of these parameters in trauma induces oxygen 
debt and acidosis. 


Available oxygen in hypovolemic shock: 
(Nunn, Freeman (1964) Anaesthesia; 19:206) 


O, av = CO x S_O, x Hb (g%) x 1.34 


250 ml/min: resting state 
1,000 ml/min: shock, trauma 


1,000 =5,250 x 0.95 x 0.15 x 1.24 
300 = 3,500 x 0.64 x 0.10 x 1.34 


centers 


an intense metabolic load with significant mus- 
cle wasting, nitrogen loss, and accelerated pro- 
tein breakdown. This hypermetabolic state is 
accompanied by an increase in core body tem- 
perature and by thermal dysregulation. 

If adequate and timely resuscitation is nei- 
ther permitted by the severity of trauma nor 
provided by the quality of care, the high energy 
consumption will lead to a “burn out”. 

This process moves from depletion of immuno- 
competent cells and acute-phase proteins to 
critical immuno-suppression and sepsis, then 
onward, via increased cell damage, to a Mul- 
tiple Organ Dysfunction Syndrome (MODS) 
and ultimately lethal Multiple Organ Failure 
(MOF) [3-5]. 


4 Timing and priorities of 
- surgery 


(Table 5.3-3) 


The primary objective in the initial care of poly- 
traumatized patients is survival with normal 
cognitive functions. The first priority is resus- 
citation to ensure adequate perfusion and oxy- 
genation of all vital organs. This can be usually 
accomplished by conservative means such as 
intubation, ventilation, and volume replace- 
ment according to the ATLS® protocol. If the 
response to such measures is not successful, 
immediate life-saving surgery is necessary: 


e Decompression of body cavities (ten- 
sion pneumothorax, cardiac tampo- 
nade, epidural hematoma). 

e Control of exsanguinating hemorrhage 
(massive hemothorax or hemoperi- 
toneum, crushed pelvis, whole limb 
amputation, “mangled extremity”). 

If there are special circumstances which 
preclude immediate definitive surgery, the con- 
cept of damage control [6] applies. Control of 
hemorrhage and contamination, irrigation, 
packing, provisional closure of the wound or 
abdominal cavity, and stabilization of the phy- 
siological systems in the intensive care unit 
(ICU) may be followed by definitive surgery 
after 6-12 hours. 


Table 5.3-3: Algorithm for initial assessment, life support, and day-1-surgery. 


“Primary survey” 
Basic imaging 


Resuscitation “ 
oxygenation, perfusion 


Evaluation . ; 
+< * vital functions? = Lissas 
surgery 
* response? 
? 3 I “Damage control” = I ICU 


“Secondary survey” a | Scoring 


Delayed primary 
surgery 
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Within the locomotor system 

treat with high priority: 

* Limb-threatening and 
disabling injuries. 

* Long bone fractures, 
unstable pelvic injuries, 
highly unstable large joints, 
and spinal injuries—they 
require at least provisional 
reduction and fixation. 


During this window of oppor- 
tunity, scheduled, definitive 
surgery of long bone fractures— 
shaft and articular—can be 
performed in relative safety. 


Early fracture fixation in poly- 
trauma is beneficial in terms of 
mortality and morbidity. 


If there is a positive response to resusci- 
tation, the phase of delayed primary surgery 
can start. Within the locomotor system the 
following conditions should be treated with 
high priority: 

¢ lLimb-threatening and disabling 
injuries (including open fractures) 
require at least “damage control”: 
débridement, fasciotomies, reduction, 
fixation, and revascularization [7]. 

¢ Long bone fractures (especially 
femoral shaft fractures), unstable 
pelvic injuries, highly unstable 
large joints, and spinal injuries 
require at least provisional reduction 
and fixation. Definitive fixation may 
need to wait and the better option 
might be temporary stabilization by 
means of an external fixator followed 
by a scheduled, definitive osteosynthe- 
sis (intramedullary nailing) during a 
window of opportunity between days 5 
and 10 [7, 8]. 

There is a convincing body of evidence, from 
clinical experience as well as in the literature, 
that early fracture fixation in polytrauma 
is beneficial in terms of mortality and mor- 
bidity [9-14]. 

The arguments and experience in favor of 
early fixation of femoral fractures and unstable 
pelvic ring injuries are: 

e Reduction of the incidence of ARDS, of 
fat embolism and pneumonia, of 
MODS, sepsis, and of thromboembolic 
complications. 

e Facilitation of nursing and intensive 
care: upright chest position, early 
mobilization, use of less analgesia. 
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Definitive osteosynthesis as “day-1-surgery” 
is advisable only when all the endpoints of 
resuscitation [15, 16] have been accomplished 
(Tables 5.3-4 and 5.3-5). 

Between the fifth and tenth day post trauma 
there exists an immunological window of op- 
portunity when the phase of hyperinflamma- 
tion is followed by a period of immunosup- 
pression and when new cell-recruitment and 
synthesis de novo of acute-phase proteins is 
taking place. 

During this window of opportunity, 
scheduled, definitive surgery of long bone 
fractures—shaft and articular—can be per- 
formed in relative safety. 

This period of immunosuppression lasts for 
about 2 weeks, so that secondary reconstructive 
procedures can be planned for the third week 
post trauma. 


Table 5.3-4: Parameters and criteria which indicate a 
successful resuscitation. 


“Endpoints of Resusciation” 


Stable hemodynamics 

No hypoxemia, no hypercapnia 
Lactate <2 mmol/L 

Normal coagulation 

Normothermia 

Urinary output > 1 mL/kg/hour 

No need for vasoactive or inotropic 
stimulation 


Table 5.3-5: Priorities and timing of surgery depending on the physiological status. 


Physiological status 


Response 2 


= Life-saving surgery 


to resuscitation: 


Hyper-inflammation 


"Window of opportunity” 
Immunosuppression No surgery! 
Recovery Secondary reconstructive 


E Delayed primary surgery 


surgery 


5 General aims and scopes 
of fracture management 
in polytrauma 


Fractures may have an important impact on the 
severity of systemic traumatic reactions due to: 


Hemorrhage: 

Prolonged states of shock as well as 
exsanguinating hemorrhage are fre- 
quently associated with open or highly 
unstable pelvic ring injuries or femoral 
shaft fractures. 

Contamination: 

Open fractures must always be con- 
sidered as contaminated. If a wound 
can only be debrided after some delay 
or if débridement is not radical enough, 
bacterial nutrients will develop in the 
wound. A second or even third dé- 
bridement is therefore mandatory. 


“Damage control” 


“Second look", only! 


Surgical intervention Timing 


Day 1 


Day 2-3 


Scheduled definitive surgery Day 5-10 


Week 3 


Dead, ischemic tissue with a marginally 
perfused hypoxic zone: 

In unstable, displaced fractures, espe- 
cially after high-energy impact, a 
radical soft-tissue débridement is 
necessary as soon as possible in order 
to control the source of the inflam- 
matory reaction. 

Ischemia-reperfusion injury: 

(Table 5.3-6) Prolonged hypovolemic 
shock and compartment syndromes 
related to fractures without or with 
vascular injuries are prone to ischemia- 
reperfusion injury with microvascular 
damage due to oxygen radicals. Blunt 
tissue contusions may activate xanthine 
oxidase, ischemia will produce the 
substrate xanthine/hypoxanthine, and 
reperfusion will add the co-substrate 
oxygen. A dangerous triad is thus 
established. 
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e Stress and pain: The general aims and scopes for fracture man- 

Aims and scopes for fracture Unstable fractures cause pain and stress agement are therefore: 

management are: which, via “afferent input” [1] to the ¢« control of hemorrhage, 

* control of hemorrhage, CNS, stimulate a neuroendocrine, e control of sources of contami- 

* control of sources of neuroimmunological, and metabolic nation, removal of dead tissue, 
contamination, removal of reflex arc (see Table 5.3-1). prevention of ischemia-reperfusion 
dead tissue, prevention of + Interference with intensive care: injury, 
ischemia-reperfusion injury, Unstable fractures prevent effective ¢ pain relief, 

e pain relief, patient postures (upright chest), and ¢ facilitation of intensive care. 

e facilitation of intensive care. pain-free handling in intensive care. 


These concepts can be realized by hemostasis, 
débridement, fasciotomy, fracture fixation, and 
tension-free wound coverage. 


Table 5.3-6: Mechanism of ischemia-reperfusion injury: 
“unhappy triad” of providing activated enzyme, substrate, 
and co-substrate. 


[ Trauma 
Histamine Complement i Ischemia 
release activation 
Anaphylatoxins | Hypoxanthine | Reperfusion 
(C3a/C5a) Xanthine 
Xanthine Or 
Dehydrogenase 
- Fe% " 
® 02 OH 
| Xanthine Oxidase : 
Microvascular 


Uric acid injury 


For stabilization of long bones, external and 
internal fixation, as well as plates and nails, are 
options depending on the circumstances. 


6 Pros and cons of 
different fixation methods 


Nailing is, from the biomechanical point of 
view, the method of choice for shaft fractures 
of femur and tibia. However, femoral nail- 
ing, reamed as well as unreamed, has an 
adverse effect due to pulmonary emboli- 
zation [17]. The main reason is probably that 
manipulation of the content of the medullary 
canal by opening, insertion of guide-wire, rea- 
ming, and insertion of a nail increases the intra- 
medullary pressure, so that emboli of bone 
marrow content, fibrin clots, and debris are 
introduced into the pulmonary circulation. In 
addition, this embolization causes activation of 
the coagulation and other cascade systems. 

It may happen that the immense clearing 
capacity of the pulmonary endothelium is al- 
ready compromised by a lung contusion, a 
massive transfusion of allogenic blood, a spill 
over of cytokines and mediators from large 
wound with dead tissues, or an incomplete 
resuscitation from shock. In this situation, the 
additional insult arising from iatrogenic emboli- 
zation can crucially damage pulmonary func- 
tion. Furthermore, it is important to realize that 
simple fracture types (transverse and short 
oblique) in a young patient with a narrow 
medullary canal and a well-developed mus- 
cle envelope, are much more prone to pul- 
monary embolization following nailing than 
complex fractures with extensive fragmentation 


of the femoral shaft, or fractures in elderly 
individuals with poorer muscles and a wide 
medullary canal. There is presently no evidence 
that nailing without reaming is less dangerous 
than nailing after reaming. 

Plating requires a major surgical access and 
is usually technically more demanding. On the 
other hand, it allows better bleeding control and 
permits simultaneous débridement and fascio- 
tomies. 

External fixation minimizes additional 
surgical trauma. It is a fast and forgiving pro- 
cedure and allows temporary shortening to 
avoid compartment syndromes. The drawbacks 
are insufficient stability for definitive treatment, 
pin-track infections, and limitation of escape- 
routes for plastic soft-tissue procedures. 

In summary, every fixation method has its 
biological advantages and disadvantages. Rigid 
protocols related to “timing and choice of 
implant” should therefore be avoided. 


7 Fracture management 
~ under specific conditions 


7.1 Massive hemorrhage 
due to a crushed or 
disrupted pelvis [18-20] 


Open or closed crush or disruption of the pelvic 
ring (“open book”, “vertical shear” injuries) can 
produce exsanguinating hemorrhage into the 
retroperitoneum, the peritoneal cavity, or to an 
open or closed (semi-)circular degloving injury 
(Morel-Lavalle syndrome). Besides aggressive 


External fixation minimizes 
additional surgical trauma. 


Femoral nailing has an adverse 
effect due to pulmonary 
embolization. 


Rigid protocols related to 
timing and choice of implant 
should be avoided. 


Simple fracture types in a young 
patient with a narrow medullary 
canal are more prone to 
pulmonary embolization. 


667 


668 


Massive pelvic hemorrhage 

requires immediate reduction 
and fixation of the pelvic ring 
by external fixator or C-clamp. 


fluid replacement these patients require imme- 
diate reduction and fixation of the pelvic ring 
by an external fixator or a pelvic compression 
clamp (C-clamp). If the hemodynamic response 
is good, the diagnostic work-up can be com- 
pleted and pelvic reconstruction be done as 
staged surgery (see chapter 4.5). 

However, if the patient remains unstable, 
emergency laparotomy is mandatory to stop the 
bleeding. In these circumstances the pelvic ring 
must be stabilized by external or internal fixa- 
tion, followed by surgical hemostasis, tight 
pelvic packing, and provisional closure of the 
abdomen. The possibility of abdominal com- 
partment syndrome must be kept in mind [21, 22]. 
After recovery in the ICU, one or two “second- 
look procedures” are mandatory, followed by 
definitive stabilization of the pelvis and closure 
of the abdominal wall. 


5.3 Polytrauma...—0O.L. Trentz 


7.2 Early fracture fixation in 
patients with severe 
brain injury 


In traumatic brain injury (TBI) it is of paramount 
importance, both to prevent secondary brain 
damage [23, 24] due to hypotension (Table 5.3-7) 
and hypoxemia, and to maintain optimal cerebral 
perfusion. Epidural or acute subdural hematomas 
require urgent surgical evacuation and hemo- 
stasis. Patients with TBI and Glasgow Coma Scale 
(GCS) < 9 or after craniotomy need ICP (intra- 
cranial pressure) monitoring immediately after 
life-saving surgery [25]. Given a good response 
to resuscitation (stable hemodynamics and ade- 
quate oxygenation), early fracture fixation has a 
positive effect [26] in brain-injured patients, by 
facilitating nursing care, by reducing painful 


Table 5.3-7: Influence of hypotension on outcome after traumatic brain injury. 


Traumatic Coma Database: 


Influence of systemic hypotension on the outcome after severe traumatic brain injury 


(Chesnut et al. (1993) Acta Neurochir; 59:121-125) 


n= Death or vegetative state 


No hypotension 307 
Early hypotension? 248 
(from injury through resuscitation) 

Late hypotension 117 
(in the ICU) 

Early and late hypotension 39 


1 Gos = Glasgow Outcome Scale 
2 Systemic blood pressure < 90 mmHg 


Favorable outcome 


(GOS! 1-2) [%] (GOS! 4-5) [%] 


17 64 
55 40 
66 20 
77 15 


stimuli (afferent input), and by less need for 
sedation and analgesia. 

Concerns that early fixation of major frac- 
tures in TBI patients, under the circumstances 
just described, may have a negative effect on 
mortality rates are not evidence-based. Lengthy 
and time-consuming fracture reconstructions 
should, however, be postponed to the fifth to 
seventh day during the window of opportunity 
following initial damage control with some type 
of external fixation. 


7.3 Early fixation of femoral 
shaft fractures in severe 
polytrauma or polytrauma 
patients with chest injury 


Several studies have well documented the 
advantages of early fixation of long bone 
fractures—especially of femoral shaft—in 
polytrauma. These advantages include faci- 
litation of nursing care, early mobilization 
with improved pulmonary function, shor- 
ter time on the ventilator, and reduced 
morbidity and mortality [9-14, 27, 28]. 
Locked intramedullary nailing has become 
the standard method in closed and open femo- 
ral shaft fractures. However, there is abundant 
experimental and clinical evidence of a con- 
siderable increase in intramedullary pressure 
during the nailing procedure, especially in 
“simple” type A and B fractures. This leads to 
a significant release of mediators, as well as the 
passage of configured emboli into the lung. The 
latter can be demonstrated by transesophageal 
echocardiography [17]. While these side effects 
of nailing can be disregarded in patients with 
isolated fractures, they are likely to cause rapid 


pulmonary deterioration in the multiply injured 
when the procedure is started [29, 30]. 

Other stabilization procedures, such as pla- 
ting or application of an external fixator, can 
also initiate mediator release, but to a much 
lesser extent. In order to protect pulmonary 
function, one should refrain from using the 
biomechanically better method in favor of a 
more biological technique as being less dis- 
tressing to already compromised endogenous 
defense systems and the pulmonary endothe- 
lium. 

Primary intramedullary nailing of the 
femur (especially type A and B fractures) can 
only be recommended for polytraumatized pa- 
tients without significant chest injury, re- 
spectively an ISS < 25 points. If the ISS ex- 
ceeds 40 points, primary stabilization is 
still essential, but should be done with 
external fixators only [8]. 

Plating may be a good alternative for ISS 
values between these limits, especially if the soft- 
tissue conditions require débridement, fascio- 
tomy, and active control of hemorrhage. Seri- 
ously compromised soft tissues may respond to 
additional distraction with a further reduction 
of perfusion, enhancing the possibility of a 
compartment syndrome. In such situations a 
temporary shortening of a limb has occasionally 
to be accepted. 

In complex type C fractures with extensive 
comminution, the range of indications for nail- 
ing can be extended, because no substantial 
pressure increase can occur. As clinical and 
experimental data indicate that the application 
of solid nails with smaller diameters, for exam- 
ple, the solid femoral nail (UFN), may also 
cause relevant pulmonary impairment, their 
use has no significant advantage over conven- 
tional nails. 


Primary intramedullary nailing 
only in patients with no signi- 
ficant chest injury or ISS < 25. 


ISS > 40: primary stabilization 
is essential, but with external 
fixators. 


Advantages include facilitation 
of nursing care, early mobiliza- 
tion with improved pulmonary 
function, shorter time on the 
ventilator, and reduced 
morbidity and mortalitiy. 


669 


670 


Polytrauma must be considered 
as a systemic surgical disease. 


Staged surgery in a subset of 
patients in critical conditions is 
generally accepted by most 
authors in Central Europe. 


Solid nails should therefore predominantly 
be used for open fractures (no dead space) and 
are especially recommended if a scheduled defi- 
nitive change from external to internal fixation 
is intended. Any switch to a biomechanically 
better procedure should be performed early, 
ideally between the fifth and the tenth day after 
trauma (see Table 5.3-5). 

This concept of staged surgery in a sub- 
set of patients in critical conditions appears 
to be generally accepted by most authors 
in Central Europe. In contrast, a variety of 
investigations from North America continue to 
argue that all femoral shaft fractures should be 
submitted to primary nailing regardless of the 
patient's clinical status [10, 31-33]. These retro- 
spective studies, however, have a variety of 
inconsistencies regarding patient selection and 
comparability of study groups. A prospective 
randomized trial has not been conducted. 


7.4 Limb salvage vs. 
amputation 


The development of microsurgical techniques 
for free vascularized tissue transfer has increa- 
sed the chances of saving mangled extremities 
and amputated or nearly amputated limbs [34]. 
In polytrauma, however, such salvage proce- 
dures are mostly not indicated, because, by 
their very nature, they increase the systemic 
inflammatory load. The Mangled Extremity 
Severity Score can assist in decision making 
[35]. There are only rare indications for heroic 
salvage attempts. These require a multi-stage 
concept with initial débridement, revasculariza- 
tion, fasciotomies, and fracture fixation, followed 
by repeated débridements and early soft-tissue 
reconstruction during a “window of oppor- 
tunity”. 
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When the decision is to amputate, this should 
be performed at a “safe” level with a “Guillotin” 
technique, combined with primary open wound 
management. 


Summary 


Polytrauma must be considered as a 
systemic surgical disease. Successful manage- 
ment requires a sound understanding of patho- 
physiology, complete resuscitation, correct triage 
and timing, and well-orchestrated plans of care. 

Algorithms are meant to optimize the phy- 
siological state of patients prior to non-life- 
saving surgery and to provide procedures which 
are safe, simple, quick, and well executed. 

The primary objective is survival of the pa- 
tient. Early fixation of major fractures—per- 
formed with the right concept—has proved to 
be an important tool to obtain this primary 
objective. 
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9 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/53.htm 
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1 General principles 


The immature skeleton differs from that of the 
adult in both the normal and pathological states. 
Children’s bones are capable of considerable 
plastic deformation before they fail. Commi- 
nuted fractures are rare and the presence of the 
growth plate presents challenges to the surgeon 
treating these injuries. Failure of union is 
rare. Only relatively few fractures require 
operative treatment. 


1.1 Development and 
growth 


In the past few years, interest in the morpho- 
logy and physiology of bone has increased, with 
special research in the genetic aspects of de- 
velopment and growth of immature cellular 
tissues. 

The immature bone is more capable of 
reaction and adaptation, but also more vulner- 
able than the mature bone. A fracture in an 
immature bone can cause growth to speed up 
or slow down, superimposing the problems of 
deformity on the complications of the fracture 
itself. On the other hand, children’s fractures 
heal very rapidly and, depending on the age 


Children’s fractures 


of the child and direction of the deformity, 
can remodel with correction of most angu- 
lar malunion. 

It is evident that the growing skeleton has 
special properties that play a role in the general 
physiological processes as well as carrying 
implications for the assessment of injury and 
the choice of treatment. This applies especially 
to the responses of those cell populations in the 
periosteum, the endosteum, and the cortex that 
participate in bone growth and remodeling. 

The most important area of injury in the 
skeletally immature is the growth plate or physis, 
whose complex structure serves a balanced 
interplay between a number of physiological 
processes. 


1.2 Regulation of 
epiphyseal growth 


The physis is the primary center for growth in 
most bones and may be divided into two zones 
according to their function: the zone of growth 
and the zone of matrix formation. The zone of 
growth is involved with both longitudinal 
and circumferential growth of bone. The 


Children’s fractures heal 
rapidly and can, depending on 
age, correct most malunions. 


Failure of union is rare. Only 
relatively few fractures require 
operative treatment. 


Zone of growth involves 
longitudinal as well as 
circumferential growth. 
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The physis responds to 
compression as well as to 
distraction. 


zone of matrix formation is itself subdivided 
into several zones that reflect the different 
changes necessary for eventual ossification. 
According to Ogden there are four func- 

tional zones [1]: 

¢ growth, 

e matrix, 

e transformation, and 

e remodeling. 


For details of the morphometric structure and 
function of the physis, the reader is referred to 
the work of Hunziker and Schenk [2]. 

The physis is capable of responding to 
different stimuli, either compression or 
tension (distraction). Any increase in pressure 
along the axis of the bone, parallel to the 
direction of growth, will inhibit longitudinal 
growth. If traction is exerted in the same axis, 
growth can be accelerated. 

Other stimuli to growth are insults which 
can come from foreign material, fracture, infec- 
tion, or repeated attempts at reduction. All are 
capable of producing an acceleration of growth 
by increasing the local blood supply [1-4]. 


1.3 Growth and remodeling 
of the metaphyseal 
bone 


The metaphysis is the site of the most rapid 
changes in bone structures as the deeper 
physeal zones mature and the physis produces 
primary trabeculae. This bone is laid down on 
the surfaces of the calcified longitudinal matrix 
between the cell columns (interterritoria]l ma- 
trix); it is then rapidly remodeled and re- 
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placed by secondary trabeculae and later by 
more mature bone. The metaphysis can be 
regarded as the zone of transition between the 
physis and the diaphysis. 


1.4 Growth patterns in the 
diaphysis 


Circumferential growth of the diaphysis is a 
function of appositional bone formation by the 
periosteum, together with osteoclastic resorp- 
tion by the endosteum so as to enlarge the 
medullary cavity [3]. Shaping of the diaphyseal 
area is accompanied by localized differences in 
the process of balanced remodeling along the 
periosteum and endosteum. Such growth in a 
bone that is bowed requires a change in the 
radius of curvature. This is achieved by a 
phenomenon of cortical drift during growth and 
remodeling (Fig. 5.4-1). 


Fig. 5.4-1: As the diaphysis of a bone that is curved 
(and most are) grows in length, the curve is preserved by 
remodeling of the endosteal and periosteal surfaces in a 
controlled and differential manner. The resulting 
phenomenon of cortical drift is illustrated. 


As growth continues, the bone is capable of 
reducing, or even correcting, angular deformity 
by selective resorption and apposition, possibly 
driven by compression and tension forces. 


1.5 Incidence of fracture 
type 


Mann et al. [5] reported that of 2,650 long bone 
fractures in children, 30% involved the physis. 
In other reports on physeal injuries about 50% 
occur in the distal radius. The second most 
commonly injured area is the distal humerus. 
The incidence of fracture types also depends on 
the child’s activities; those involved in sports 
will have an increased incidence of long bone 
diaphyseal fractures and growth-plate injuries. 
High-energy trauma is the most common 
cause of death in children and ranks second 
to acute infections as a leading cause of mor- 
bidity. Musculoskeletal injuries are second only 
to injury to the central nervous system as the 
most frequent traumatic cause of permanent 
pediatric disability. 

Surgeons have long expounded that pedi- 
atric fractures have no significant sequelae, but 
these data belie such orthodoxy. 


1.6 Clinical examination of 
the injured child 


1.6.1 Examination of the spine 

After evaluation of all vital signs according to 
the ATLS schema, the spine should be examined 
next. Spinal column injuries are infrequent in 
the pediatric patient and represent approxi- 
mately 3% of all the pediatric injuries. How- 
ever, in postmortem studies it is shown that the 


incidence of spinal fractures is about 12% in 
children below the age of 16 who have died 
from high-energy trauma [5]. 

The upper cervical spine is the most com- 
monly injured vertebral zone in children. Pain, 
torticollis, limitation of motion, and muscle 
spasm should raise suspicion of an injury to the 
neck. Flexion forces tend to produce more 
severe spinal cord injuries than extension 
forces. 

“Spinal shock” may follow a severe spinal 
cord injury. This presents as a flaccid paralysis 
with complete loss of all reflexes. This condition 
can last from 8 hours to several days. The 
earliest evidence of recovery of cord function 
is the appearance of the “anal wink” (perianal 
sphincter) reflex, or the bulbocavernosus reflex. 


1.6.2 Examination of the pelvis 


In the traumatized child the pelvic ring is as- 
sessed after the spine has been evaluated. Most 
pediatric pelvic fractures are stable. Adequate 
x-rays should be obtained and CT scans may be 
needed to complete the evaluation. 
Acetabular fractures represent approxi- 
mately 6% of pelvic fractures. It is of particular 
importance to evaluate injury to the triradiate 
cartilage, as this can produce a central growth 
arrest resulting in acetabular dysplasia with 
lateral subluxation of the femoral head. 


1.6.3 Examination of the 
extremities 


The extremities must be examined system- 
atically, one at a time, from distal to proximal. 
All joints are tested for a full range of motion. 
The bones are examined for the clinical signs 


High-energy trauma is the 
most common cause of death 
in children. 
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In children articular and 
periarticular fractures always 
involve the physis. 


Comparable x-rays of the 
uninjured side help to 
evaluate growth-plate injuries. 


of a fresh fracture, which include swelling, 
deformity, tenderness, and abnormal motion. 
Care must be taken not to focus on a single 
obvious injury, thereby omitting the rest of the 
examination. Soft-tissue injuries are noted, and 
vascular and neurological examinations are 
performed. Some fractures can be present in a 
child with no external evidence of injury. If the 
child complains of pain, a fracture should be 
assumed and adequate splintage applied before 
the child is taken to the x-ray suite. 


1.7 X-ray examination and 
other imaging 


X-ray evaluation of each suspected injury must 
include at least two views taken at 90° to each 
other. Anteroposterior and lateral projections 
should each include both the joint above and 
the joint below the suspected fracture area. 
Suspected non-displaced growth-plate in- 
juries should be evaluated with comparable 
views of the uninjured extremity and also 
“stress” x-rays under narcosis to evaluate dis- 
placement. Computed tomography is important 
in evaluating spine, pelvic, and some intra- 
articular fractures. Other studies, such as 
arthrograms, might be used in evaluation of 
growth-plate injuries, especially in the very 
young with unossified epiphyses. Other diag- 
nostic methods like ultrasound, have been used 
for the evaluation of stress fractures, and 
arteriograms assist in the assessment of vascular 
injury if the physical examination is equivocal. 
The role of magnetic resonance imaging (MRI) 
in the care of pediatric fractures is yet clearly 
to be defined. It certainly has a place in the 
evaluation of possible avascular necrosis. For 
this reason, fixations in vulnerable areas, such 
as the proximal radius and proximal femur, 
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should preferably make use of titanium implants, 
which cause less artifactual distortion on MRI. 


2 Periarticular and 
articular fractures— 
general principles and 
classification! 


Articular and periarticular fractures in 
children are injuries that inevitably involve 
the physis. Both the treatment and prognosis 
for physeal injuries depend on the pattern of 
the injury, for example, whether the injury 
involves only the physis, the physis and the 
metaphysis, or the physis and the epiphysis. 

The most frequently used classification of 
physeal injury is that of Salter and Harris [6] 
which describes five types. It fails, however, to 
recognize the injuries to the zone of Ranvier at 
the periphery of the physis, both the ligamen- 
tous avulsion type and those caused by open 
abrasive trauma: Rang later proposed that these 
be included retrospectively in the Salter-Harris 
classification as type VI. 

Müller has proposed a classification based 
upon three major divisions according to whe- 
ther the physis is damaged by shearing, by 
fracture perpendicular to the physeal plane, or 
by crushing. 

Both these classifications are summarized in 
Fig. 5.4-2. 

A new classification for children’s fractures 
has been proposed especially for prospective 
clinical studies [7]. This takes into account the 
possibility that displacements may be corrected 
as growth progresses. 


1 Presently there are other groups working on a comprehensive 
classification for all fractures in children. 
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Fig. 5.4-2: AO Miller Classification of articular and 
periarticular fractures in children with involvement of the 
physeal plate; three main groups: 


a) The fracture passes through the junction of the zones 
of hypertrophy and provisional ossification. The fracture 
line does not involve the growth zones. Growth distur- 
bance is unlikely (except at the proximal femur and 

a) proximal radius), even with incomplete reduction. 
Deformity in the plane of motion is likely to remodel as 
long as growth continues. 

A1: (Salter-Harris type 1) This is a pure shearing injury of 
the physeal plate and usually results from a rotational 
force. 

A2: (Salter-Harris type II) This is partly a shear injury of 
the physis and partly a metaphyseal fracture (Thurston- 
Holland fragment). 70% of physeal injuries are type A2. 


b) The fracture line traverses the epiphysis and some, or 
all, of the layers of the physis. If reduction is not ana- 
tomically perfect, growth disturbance is highly likely. 

B1: (Salter-Harris type III) Partial physeal separation with 
an intra-articular epiphyseal fracture. Open reduction 
with screw fixation is strongly indicated. The screw must 
not penetrate the physeal plate. 

B2: (Salter-Harris type IV) The fracture plane passes from 
the joint surface through all layers of the physis and 
through the metaphysis. As in type B1, screw fixation is 
strongly indicated, using one screw in the epiphysis and 
one in the metaphysis, with neither crossing the growth 
plate. 

B3: (termed by Rang the “type VI") Avulsion fracture of 
an insertion of a ligament, taking with it a portion of the 
perichondrial ring (zone of Ranvier). Accurate reduction 
and fixation are required, but growth disturbance can still 
follow. 

B4 is an open abrasive injury of the periphery of the 
growth plate—this too often causes physeal bridging. 


c) (Salter-Harris type V) There is compression of the 
articular surface and impaction of epiphyseal bone into 
metaphyseal bone, with consequent disorganization of 
part of the physeal cartilage. Partial growth arrest is to be 
expected and reconstructive procedures, such as those of 
Langenskiöld and Oesterman [8], are necessary later. 

C1: Different degrees of impaction. 
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The majority of fractures in 
children and adolescents will 
be treated by closed reduction 
and casting or traction. 


Regular clinical checking of 
circulation, pain, and neuro- 
logical status is mandatory 
after cast application. 


2.1 TypeA 
(Salter-Harris types I & II) 


The fracture line does not involve the germinal 
zone of the physeal plate. If a proper reduction 
is carried out, no growth disturbance is to be 
anticipated, although exceptions exist. 


2.2 Type B 
(Salter-Harris types III & IV) 


The fracture line crosses the epiphysis and the 
germinal zone of the physeal plate. An abso- 
lutely accurate, “watertight” reduction must be 
achieved, otherwise partial closure, with re- 
sultant eccentric growth disturbance, is to be 
anticipated. In addition, these injuries involve 
the articular surface and malunion can produce 
later joint degeneration. 

At the distal femur, ligamentous avulsion of 
an osteochondral block spanning the edge of 
the physis may occur: growth arrest is likely 
unless perfect reduction is achieved. Open 
abrasive injury of the periphery of the physis, 
resulting in destruction of the zone of Ranvier 
[9], usually results in local growth arrest. 


2.3 Type C 
(Salter-Harris type V) 


Compression of the physeal cartilage with im- 
paction of epiphyseal bone into the metaphysis 
results in severe damage to the growth area and 
partial, or complete, closure of the epiphyseal 
plate with consequent growth disturbance is to 
be anticipated. 
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Ogden has proposed a most detailed and 
comprehensive classification, but in some ways 
this is not necessarily prospective, in as much 
as the assignment of some injuries to certain 
groups requires the observation of the behavior 
of the physis over a period of time after injury. 

For this reason, and because of its com- 
plexity, it has not been widely received as a 
“working” classification, but perhaps more as a 
research tool. 


3 Treatment of fractures 
in children 


3.1 Closed treatment 


The majority of fractures in children and 
adolescents will be treated by closed re- 
duction and casting or traction. The only 
way to splint and hold reduction is by applying 
a well-molded cast. Most fractures heal in a few 
weeks, and since children cannot be relied on 
to tell the doctor about pain, sensory alteration, 
circulatory disturbances, or other signs of im- 
pending complications, regular and competent 
clinical observation is required. 

The cast should be applied only when the 
fracture has been satisfactorily reduced. The 
well-padded circular cast with three point 
moulding is the only splintage that is safe enough 
for the treatment of fractures in children. The 
circulation and neurological status distal 
to the fracture must be checked frequently 
and thoroughly. 


3.2 Open treatment 


Indications for surgical treatment of fractures in 
children include: 

e Open fractures. 

e Polytrauma. 

e Patients with head injuries. 

e Femoral fractures in adolescents. 

¢ Femoral neck fractures. 

e Certain types of forearm fractures. 

e Certain types of physeal injuries. 

e Fractures associated with burns. 


3.3 Aims of surgical 
treatment 


As in the adult, open fractures are surgical 
emergencies and must be treated aggres- 
sively to prevent infection and possible 
permanent disability. Tscherne and Gotzen 
[10] divided the management of open fractures 
into four priorities: 

1) life preservation 

2) limb preservation 
3) avoidance of infection 
4) preservation of function. 


There are various soft-tissue classifications 
applicable to open fractures; please refer to 
chapter 1.4 and chapter 5.2 as well as section 2 
in this chapter. 

In severe fractures the first decision is to 
determine whether the limb is salvageable. 
Grade IIC open injuries are associated with a 
high amputation rate and limb salvage is often 
impractical in the adult. In children, however, 
all efforts should be made to salvage limbs, 
unless all of the major nerves to the ex- 
tremity are irreparably damaged. 


A thorough and aggressive débridement, 
comprising excision of all damaged and de- 
vitalized tissue (muscle, skin, bone, etc.) is 
mandatory. The wound should be irrigated 
copiously with Ringer lactate or Hartmann’s 
solution both before and after débridement. 
Pulse lavage systems should be used with care 
as they have been shown to be capable of 
driving contamination deep into healthy tissue 
recesses. Pressure lavage cannot be a substitute 
for meticulous surgical excision of the damaged 
and contaminated tissue. Normal saline should 
be avoided as it can be cytotoxic, especially to 
tissues of compromised viability. 


4 Types of fixation 


The aim of internal fixation in children is 
to obtain an anatomical reduction and to 
maintain it using a minimum amount of 
metal. External splintage can be used post- 
operatively without the risk of fracture disease. 

3.5 mm cortex screws, 4.0 mm cancellous 
bone screws (exceptionally 6.5 mm), and can- 
nulated screws have been used in the treatment 
of periarticular and articular fractures. 

K-wire fixation of epiphyseal and meta- 
physeal fragments is often all that is necessary 
for internal fixation, as the hard cancellous 
bone in children affords excellent purchase. 
Physeal plates may, if necessary, be crossed 
by K-wires, but never by lag screws unless 
growth is nearly complete. Transphyseal 
wires should be non-threaded, inserted by hand 
and directed, as far as possible, perpendicular 
to the growth plate. K-wires can be used 
percutaneously to maintain a reduction that 
cannot be held by closed methods. Multiple 
drilling and insertion of several K-wires at the 
same point must be avoided. K-wires can be left 


Open fractures are surgical 
emergencies also in children. 


Internal fixation is to maintain 
reduction with a minimum of 
implants. 


Growth plates may be crossed 
by K-wires, but not by screws. 


In children limb salvage should 
always be attempted. 
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There is no scientific proof, 
that anatomical reduction of 
shaft fractures results in 
overgrowth. 


In external fixation take care 


not to injure the growth plate. 


protruding through the skin and removed at 2- 
3 weeks as the bone heals rapidly. Alternatively, 
interfragmentary screws can be used parallel to 
the physeal plate, either in the metaphysis or 
the epiphysis, or both. This method is re- 
commended in severely displaced epiphyseal 
fractures (type B) as it produces a so-called 
“watertight” reduction [11]. The disadvantage 
of screw fixation is the necessity for a second 
operation to remove the metal. On the other 
hand, the drawback of using percutaneous 
wires is the increased risk of infection. If growth 
disturbance occurs as a result of a bony tether 
across the physis, resection and the inter- 
position of fat, or cold-curing bone cement, may 
restore normal growth [8, 12]. 

External fixation devices are the preferred 
method for patients with open fractures, poly- 
trauma, and fractures associated with burns. 
The size of the child will determine whether the 
large or the small fixator is used. In the appli- 
cation of the external fixator great care must 
be exercised not to damage the growth plate 
(Fig. 5.4-3) [13]. 


Fig. 5.4-3: In inserting the pins for the external fixator it is 
important to remember that the growth plate is about 

4 mm thick. In order not to overheat the growth plate, the 
Schanz screws should be inserted by hand about 2 cm 
from the growth plate in the metaphyseal area. In the 
epiphyseal area fine wires and Schanz screws can be 
inserted by hand without damaging the growth plate. 
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One-third tubular plates 3.5, or dynamic 
compression plates 3.5 (DCPs and LC-DCPs) are 
used in the forearm, and straight or T-plates 4.5, 
in metaphyseal areas of the distal femur, the 
tibia, and the humerus. 

Standard closed intramedullary nailing may 
be used in femoral shaft fractures in adoles- 
cents. In younger children the use of elastic 
titanium nails (TEN), as popularized by the 
French school [14], is gaining more and more 
consideration as it is minimally invasive but still 
provides good fixation. 

Early removal of the implants is recom- 
mended after fracture healing. Anatomical 
reduction of shaft fractures has been said 
to increase the risk of overgrowth; this 
has, however, never been scientifically 
substantiated [4]. 


5 Specific fractures 


5.1 Fractures of the femur 
5.1.1 Proximal femur 
(Fig. 5.4-4) 


Fractures of the femoral neck comprise an abso- 
lute indication for open reduction and stable 
internal fixation as an emergency. Immediately 
after the fracture, some of the retinacular 
vessels are usually still intact. Displacement of 
the fracture leads to kinking of these precious 
vessels, which predisposes to their occlusion 
and thrombosis. Additionally, the hemarthrosis 
may lead to a joint tamponade, which further 
threatens the epiphyseal vascularity. 


Stable internal fixation is achieved by in- 
serting one or more 4.5, 6.5, or 7.0 mm (can- 
nulated) cancellous bone screws, taking care 
not to cross the physis with a screw thread. 

The hip capsule is exposed in the interval 
between the lesser glutei and tensor fasciae 
latae muscles and then opened by a T-shaped 
capsulotomy. The fracture is exposed with the 
aid of three small retractors. One is inserted 
over the anterior pelvic rim, the second very 
gently above the femoral neck and the third 
below it. Enormous care must be exercised in 
passing the retractors around the femoral neck, 
so as not to damage the retinacular vessels 
bound to the bone beneath the periosteum. 
Once reduced, the fracture is fixed temporarily 
with K-wires and the reduction checked, par- 
ticularly at the level of the calcar, by flexing and 
rotating the hip. Definitive fixation is then 
carried out with two 4.5 or 6.5 mm cancellous 
bone screws, again taking care not to pierce the 
physis. The capsular incision is never fully closed, 
in order to avoid the danger of recurrent joint 
tamponade. The use of cannulated cancellous 
bone screws greatly facilitates this type of fixa- 
tion. If possible, implants in the proximal femur 


Fig. 5.4-4: 

a) Intracapsular fractures of the neck 
in children result in an increase in 
intracapsular joint pressure (“joint 
tamponade”) endangering any 
remaining blood supply to the 
proximal femoral epiphysis and 
physis. Emergency arthrotomy and 
open reduction are indicated. 

b) Transcervical femoral fracture in a 
child. Two cancellous bone screws with 
16 mm thread lengths (either 6.5 mm 
or 7.3 mm cannulated) are used. 
Make sure that the threads have 
passed fully across the fracture and that 
the screws do not penetrate the physis. 


in children should be made of titanium, which 
will cause less MRI distortion than steel if 
avascular necrosis is to be investigated. 

Nailing of these fractures is absolutely 
contraindicated. The cancellous bone is very 
hard, and in nailing, there is a great danger of 
driving the fragments apart and thereby tearing 
the retinacular vessels, which would also lead 
to avascular necrosis of the head. 


5.1.2 Femoral shaft 


In children below 6-8 years of age, fractures of 
the femoral shaft are usually treated non- 
operatively in skeletal traction. In older children 
femoral fractures, both diaphyseal and meta- 
physeal, can be treated by internal fixation with 
plates. This applies especially to subtrochanteric 
fractures (Fig. 5.4-5) and irreducible distal] dia- 
physeal fractures with soft-tissue interposition, 
or “buttonholing” of the distal fragment through 
the lateral intermuscular septum [15]. Standard 
intramedullary nailing should be reserved for 
femoral shaft fractures in adolescents approach- 
ing appendicular skeletal maturity. 


Femoral neck fractures require 


emergency ORIF with screws. 


Nailing of femoral neck 
fractures is absolutely contra- 
indicated because of the very 
dense cancellous bone. 
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5: A case of a subtrochanteric fracture in a 
young adolescent treated by plate fixation. Standard 
intramedullary nailing would have risked compromising 
the proximal femoral growth zone and the vascular 


supply to the femoral head. 


For the younger child, intramedullary elastic 
titanium nails (TENs) as described by the Nancy 
school [16] are available for shaft fractures. 
They can be inserted in a retrograde fashion 
from an entry point just above the distal growth 
plate in the distal femur. Usually two of these 
flexible nails can be inserted (Fig. 5.4-6). 


Fig. 5.4-6: 

a) Displaced femur fracture 
of the distal third in a 
9-year-old boy. 

b) Closed reduction and 
percutaneous fixation with 
two elastic titanium nails 
(TENs). Depending on the 
stability obtained there is 
usually no additional 
fixation required. 

©) Three months follow-up 
with solid callus formation 
and good alignment before 
easy removal of nails. 


5.1.3 Distal Femur 


Distal femoral fractures are mostly Salter-Harris 
type II (A2) separations of the epiphysis with a 
metaphyseal fragment. Here, satisfactory reduc- 
tion is difficult both to achieve and to maintain. 
If the fractures cannot be reduced, or can be 
reduced but not retained, open reduction is 
needed and metaphyseal interfragmentary lag 
screw fixation is suggested (Fig. 5.4-7a). Re- 
peated attempts at closed reduction cause 
damage to the germinal cells of the growth 
plate, which may explain the unexpectedly 
high frequency of growth disturbance at the 
distal femur. 

Unrecognized ligament avulsion fractures 
may also be the cause of growth abnormalities 
after trauma. Avulsion fractures of the lateral 
collateral ligament that span the periphery of 
the physeal plate should be treated by means 
of open anatomical reduction and “watertight” 
internal fixation (Fig. 5.4-7b). 


Fig. 5.4-7: Lag screw fixation in 
the distal femur. 

a) Type A2 (Salter-Harris type II) 
fracture of the distal femur. If 
unstable, or irreducible, these 
fractures should be fixed, 
ensuring that the growth plate is 
not violated. Intraoperative 
image intensifier control should 
be used. 

b) Type B3 avulsion fracture can 
be fixed by open reduction and 
internal fixation with 3.5 mm lag 
screws if bony fragments are 
large enough for screw 
placement. 


5.2 Fractures of the tibia 


5.2.1 Proximal tibial growth-plate 


fractures 


A displaced avulsion fracture of the tibial tuber- 
osity should be treated by internal fixation. This 
injury usually occurs in adolescents when the 
physis is almost closed. Internal fixation is 
carried out with a tension band and/or inter- 
fragmentary cortex screws (Fig. 5.4-8a). If the 
child is young, then a wiring technique that 
respects the growth zone of the apophysis of the 
tibial tuberosity is preferred (Fig. 5.4-8b). Pre- 
mature growth arrest at the tibial tuber- 
osity can cause serious, progressive genu 
recurvatum deformity. 

A displaced avulsion fracture of the tibial 
intercondylar eminence may exceptionally be 
treated closed by reduction in hyperextension. 
If perfect reduction fails, which is usually due 


Repeated reduction maneuvers 
may explain the high incidence 
of growth disturbances at the 
distal femur. 


Premature growth arrest at the 
tibial tuberosity can cause 
serious, progressive genu 
recurvatum deformity. 
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Fig. 5.4-8: 

a) Avulsion of the tibial tubercle in the adolescent 
requiring anatomical reduction and lag screw fixation. 
b) In the younger child a wiring technique is indicated. 
c) Avulsion of the intercondylar eminence: the fragment 
is stabilized with a short 4.0 mm cancellous bone 
screw after open reduction. The screw may not 
interfere with the growth plate. 

d) A large avulsed fragment may be held by an 
alternative technique. An absorbable thread is placed 
into the anterior cruciate insertion, passed out through 
the base of the avulsed fragment, then through a small 
hand-drilled tunnel across the physis, to exit the 
anterior tibial cortex, where it can be tightened and tied 
over a small cortex screw anchor. 


to interposition of the anterior horn of one of 
the menisci, there is a risk of permanent flexion 
deformity. Open reduction and internal fixation, 
using one, or even two, small cancellous bone 
screws, is mandatory. No screw should pierce 
the proximal tibial physis (Fig. 5.4-8c). If the 
avulsed fragment is thick and the intraepi- 
physeal screw would not gain purchase without 
transgressing the physis, the fragment may be 
held by an absorbable thread which is placed 
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into the anterior cruciate insertion and out 
through the base of the avulsed fragment. It is 
then passed through a small diameter tunnel 
drilled by hand through the bed of the fragment, 
across the physis, to exit the anterior tibial cortex, 
where it can be tightened and tied over a small 
cortex screw anchor. This holds the fragment in 
place to allow union, while the tethering suture 
absorbs and does not exert continued pressure 
across the physis (Fig. 5.4-8d) [1]. 


5.2.2 Tibial shaft fractures 


The majority of fractures of the tibial shaft 
in children will be treated by closed 
means—namely reduction and casting, or 
traction. They can be expected to unite rapidly 
and so the timeframe for obtaining an accept- 
able position is limited. 

Particular attention must be paid to the 
valgus fracture of the upper tibial metaphyseal 
area. The fracture gap is widened at the medial 
cortex and incomplete on the lateral side. Failure 
to obtain complete closure of the medial cortical 
gap indicates entrapment of soft tissue— 
periosteum, or fibers of the origin of the medial 
collateral ligament, and/or fibres of the pes 
anserinus. If any one of these is left in the 
fracture gap, there is a risk of progressive valgus 
deformity, the remodeling of which is variable 
and unpredictable. Through a very limited 
surgical exposure, entrapped tissue must be 
removed from the fracture gap. The reduction 
is completed and a suitably moulded long-leg 
cast is then applied [17, 18]. 

Under certain circumstances, surgical stabili- 
zation is required. These indications include 
open fractures, closed fractures with major 
soft-tissue contusion and crushing, fractures 
associated with major vascular or nerve 
injury, where compartment syndrome has 
required fasciotomy, and uncontrollable 
displacement (especially shortening). 

In some fractures of the lower tibial shaft 
with an intact fibula, there is a marked ten- 
dency to varus malalignment. In case of failure 
to control this with closed reduction and casting, 
surgical fixation should be considered. One 
cause for the tendency to drift into varus is the 
positioning of the foot at a right angle, whereby 
the wider anterior portion of the talus is pressed 
against the medial malleolus and tilts the 


broken tibia into varus. The proposed solution 
is to cast the fracture with the foot in a slight 
equinus. 

When the decision is made to surgically 
stabilize a child’s tibial shaft fracture, the 
selection of technique is relatively straight- 
forward. In open fractures, external fixation is 
the treatment of choice. In injuries where the 
fracture focus has to be surgically exposed—for 
example, with multiple fasciotomies, or where 
vessels need exploration, as well as in relatively 
distal or proximal fractures—plating is pref- 
erable. Whether plates 3.5 or 4.5 are used 
depends on the size of the bone. 

Although standard intramedullary nailing is 
prohibited by the need to respect the proximal 
tibial growth zones, the use of elastic titanium 
rods [14] in fractures of the middle third of the 
diaphysis is a useful option in skilled hands with 
the appropriate resources. 


5.2.3 Distal tibial growth-plate 
fractures 


Displaced fractures of the type A2 (Salter-Harris 
type II) may be difficult to reduce closed as a 
periosteal flap may become entrapped in the 
metaphyseal fracture gap. 

Open reduction with internal fixation is 
indicated when the fracture line crosses the 
epiphysis and the physeal plate, with or without 
fracture of the metaphysis, and remains dis- 
placed. Persisting articular incongruity is also an 
indication for surgery. For these fractures, inter- 
fragmentary lag screw fixation is preferable, 
rather than simple K-wire fixation, to achieve a 
perfect anatomical reduction of both the physeal 
lesion and the joint surface (Fig. 5.4-9a-c). 

The triplane fracture (Fig. 5.4-9d) is unique 
to the ankle. This is a complex injury involving 


Closed tibial shaft fractures in 


children are the domain of 
non-operative treatment. 


Exceptional indications for 


surgery in tibial fractures are: 


open fracture, 

severe closed soft-tissue 
injury, 

compartment syndrome, 
gross displacement/ 
shortening, 

varus malalignment. 
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Ankle fractures frequently 
require ORIF with small 
fragment implants to restore 
anatomy. 
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Fig. 5.4-9: Ankle injuries. 

a) Salter-Harris type Il (A2) injury can be stabilized with 
one to two compression screws across the metaphyseal 
fracture. 

b) Salter-Harris type III (B1) fracture of the medial 
malleolus after anatomical reduction and fixation with 

a 4.0 mm cancellous bone screw totally within the 
epiphysis. 

©) Salter-Harris type IV (B2) of the tubercle of Tillaux fixed 
using intraepiphyseal lag screw. Type IV injuries are typi- 
cally fixed, after open reduction, with a lag screw across 
the metaphyseal fracture and another in the epiphysis. 

d) Type IV (B2) injury fixed using two screws, above and 
below the growth plate, for “watertight” adaptation. 

e) The triplane fracture has a complex configuration and 
various forms. The two-part fracture is illustrated 
separately and after anatomical reduction and screw 
fixation in two planes. Fixation of the fibula adds to 
stability. 


the distal tibial epiphysis, physeal plate, and 
metaphysis. The most frequent variety consists 
of a vertical sagittal and coronal fracture plane 
through the epiphysis, a horizontal shear injury 
of the physeal plate, and a vertical coronal frac- 
ture plane separating a posterior metaphyseal 
fragment. This pattern, if displaced, will usually 
require open reduction and internal fixation to 
reconstruct the articular surface [19]. CT scan- 
ning with 3-D reconstruction has revolutionized 
the understanding of the pathoanatomy of these 
fractures and is essential for the careful pre- 
operative planning that is needed. 


5.3 Fractures of the 
humerus 


Proximal humerus and 
humeral shaft 


5.3.1 


Malunion in relation to fractures involving the 
proximal humeral physis has a greater capacity 
to remodel with subsequent growth than at any 
other anatomical site. Most fractures of the 
proximal humerus and of the humeral shaft 
can be treated non-operatively in a sling or 
occasionally in skeletal traction for 2-3 weeks. 
Olecranon traction using a screw rather than a 
transolecranon pin, produces fewer compli- 
cations (infection, early and late ulnar palsy, 
etc.). Occasionally, a proximal physeal plate 
separation has to be operated on because it 
cannot be reduced (e.g., due to interposition of 
the tendon of the long head of the biceps), or 
because a patient is close to skeletal maturity 
and the deformity cannot be expected to re- 
model (Fig. 5.4-10). 
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Fig. 5.4-10: Proximal humeral physeal 
separation with deforming forces into adduction 
and extension. Considerable deformity can be 
accepted, but in older children with soft-tissue 
interposition (biceps tendon) open reduction and 
K-wire fixation may be required. 


5.3.2 Distal humerus 


In children’s elbow fractures, comparative x-rays 
of both sides are necessary. Displaced supra- 
condylar fractures of the humerus may be 
treated non-operatively by reduction under 
general anesthesia and immobilization in 
flexion in a cast. If after reduction stability of 
the fracture can only be achieved in extreme 
flexion (with the danger of ischemia and com- 
partment syndrome), then either olecranon 
screw traction, or closed anatomical reduction 
followed by percutaneous or open K-wire 
fixation, is advisable, in order to maintain the 
reduction (Fig. 5.4-1la). Fractures which can 
only be partially reduced can alternatively be 
treated with overhead screw traction, applied 
just distal to the olecranon at the level of the 
coronoid process, for up to 10 days, until the 


Most fractures of the proximal 
humerus and of the humeral 
shaft can be treated non- 
operatively. 
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Fig. 5.4-11: a) Supracondylar 
fracture of the humerus after closed 
reduction and percutaneous K-wire 
fixation. Wires are removed after 
2-3 weeks. Be aware of the ulnar 
nerve especially in percutaneous 
wire placement. 


c) Lateral condylar fracture of 
the distal humerus. If the 
metaphyseal fragment is large 
enough, a metaphyseal lag 
screw can be inserted via a 
posterolateral approach. 


b) After reduction and fixation, 
Baumann’s angle should be 
equal to that of the uninjured 
side (usually in the range 
70-75°). Baumann’s angle is 
the angle between the lateral 
condylar physis and the long 
axis of the humerus shaft. 
More than 75° usually denotes 
varus malposition. Correct 
rotational alignment is best 
judged on a lateral view. 


d) Apophyseal injury to the 
medial epicondyle of the distal 
humerus. K-wires or a figure- 
of-eight wire loop are used in 
younger children, but in the 
near mature child a screw 
should be used. Great care is 
needed to ensure a smooth 
surface over which the ulnar 
nerve will lie. 


fracture site is no longer tender; a sling is then 
used for a further 2-3 weeks [20]. 

Open reduction is indicated only if the 
fracture is irreducible, implying soft-tissue inter- 
position, or if it is associated with a vascular or 
nerve injury [21]. For open reduction, the 
surgical approach can be lateral, bilateral, or 
posterior, depending on the nature and site of 
any associated neurovascular lesion. If cubitus 
varus is to be avoided, particular attention must 
be paid to the restoration of the correct angle 
between the physeal plane of the lateral 
humeral condyle and the long axis of the shaft 
(Baumann’s angle, Fig. 5.4-11b). This angle must 
be approximately 70-75° and should always be 
comparable to the angle on the uninjured side. 

Displaced fractures of the lateral condyle are 
Salter-Harris type IV (B2) injuries. These intra- 
articular and epiphyseal fractures are usually 
treated by open reduction and screw, or K-wire, 
fixation: the wires should be removed after 2-3 
weeks. Associated dislocation, or subluxation, 
of the elbow constitutes an absolute indication 
for surgical fixation, preferably with a screw 
(Fig. 5.4-11c). The easiest surgical approach for 
this procedure is from posterolateral, skirting 
the lateral border of the triceps tendon; this 
affords an excellent view of the joint fracture 
and direct access to the posterolateral meta- 
physeal fragment. This approach has been said 
to threaten the vascularity of the fragment, but 
as long as the metaphyseal fragment is not 
denuded of soft tissue, there is no risk. 

Occasionally, cubitus varus can also result 
from capitellar overgrowth following this 
fracture, and cubitus valgus, with the danger of 
tardy ulnar palsy, may follow malreduction, or 
non-union. 

Fractures of the medial condyle of the Salter- 
Harris type IV are less common than lateral 
condylar injuries. They are then associated with 


elbow instability. The principles of their man- 
agement are the same as for the lateral injury. 

Very occasionally a Y-shaped intercondylar 
fracture can occur in a child, which is analogous 
to the simultaneous occurrence of Salter-Harris 
type IV injuries of both medial and lateral 
condyles. Perfect alignment of the physeal 
plate is absolutely essential and may require 
compression screw fixation of the metaphyseal 
components, combined with K-wire stabili- 
zation of the epiphyseal mass. It is best dealt 
with via a posterior approach. This fracture 
carries a high risk of growth disturbance and 
should only be treated by those surgeons with 
great experience of complex physeal trauma. 

Fragments of the apophysis of the medial 
epicondyle that have separated with valgus 
trauma to the elbow may become entrapped in 
the joint. Although this fracture may not be a 
true physeal injury, it does carry the risk of non- 
union, irritation of the ulnar nerve and insta- 
bility. Tension band fixation, or screw fixation 
in the older child, is advised in place of K-wires 
alone (Fig. 5.4-11d). Union of such a fracture in 
malposition with distal displacement is usually 
associated with significant loss of elbow func- 
tion, which can be permanent. 


5.4 Fractures of the forearm 


5.4.1 Proximal forearm, radial 


head, and neck 


The epiphysis of the radial head is rarely frac- 
tured. If it is, then a B2 or Salter-Harris type IV 
injury has occurred and, if there is displace- 
ment, operative stabilization is mandatory to 
avoid premature growth arrest. 


Perfect alignment of the 
physeal plate is absolutely 
essential, and may require 
operative stabilization. 
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Due to the special vascular 
supply, an A1 injury to the radial 
head physis carries a high risk of 
avascular necrosis (AVN). 


In Monteggia fractures ana- 
tomical reduction of the ulna 
usually reduces the radial head 
dislocation. 


Separation of the radial head, for example, 
radial neck injury, may be Al or A2 (Salter- 
Harris type I or II), or a metaphyseal torus 
(wrinkle) fracture. 

The vascular anatomy of the proximal radius 
sets it apart from other epiphyses (with the 
exception of the proximal femur), as it has no 
soft-tissue attachments and is totally covered by 
articular cartilage, receiving its blood supply 
from the metaphyseal circulation, via retinac- 
ular vessels tightly bound to the neck and the 
periphery of the physis by periosteum and 
perichondrium. In consequence, a type Al 
(Salter-Harris type I) separation carries a 
very high risk of premature physeal plate 
closure due to avascular necrosis of the epi- 
physis. On the other hand, a type A2 (Salter- 
Harris type IT) radial neck injury preserves those 
epiphyseal retinacular vessels associated with 
the attached metaphyseal fragment and, pro- 
vided that the soft-tissue attachments of this 
fragment are preserved, normal growth can 
continue. The distinction between the two 
types is paramount in planning treatment and 
predicting the outcome. 

In general, in children under the age of 
about 8 years, a radial head tilt (always into 
valgus) of up to 40° can be accepted, but above 
that age only tilting of 20° or less can be left 
unreduced. 

One gentle attempt of closed manipulation 
is permitted. Failure to reduce to within the 
acceptable range is an indication for open re- 
duction, which should be undertaken through 
an anterior Henry approach, not a lateral 
incision. 

Fixation is provided by means of a K-wire 
inserted from below, supplemented by plaster 
splintage for 3 weeks (Fig. 5.4-12). 

An alternative method of surgical reduction 
and fixation has been proposed by Metaizeau 
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Fig. 5.4-12: Radial head and radial neck fractures 
Angulation of the radial neck is acceptable up to 40° in 
the very young, up to 20° in children over 8 years of age. 
A gentle reduction by digital pressure is recommended, 
but if it fails, careful open reduction via a modified 
anterior Henry approach and K-wire fixation are indicated. 


[22], whereby a blunt probe or elastic titanium 
nail (TEN) with a cranked tip is used percutane- 
ously to nudge the radial head into an improved 
position by rotating the angled tip (Fig. 5.4-13). 


5.4.2 Monteggia injuries 


Ifin Monteggia fractures anatomical reduction 
of the ulna and radial head dislocation cannot 
be obtained or maintained by closed means, 
open reduction and internal fixation of the 
ulna becomes mandatory. Plate fixation of the 
ulnar fracture is recommended and leads to 
successful closed reduction of the radial head 
(Fig. 5.4-14). As the mechanism of this injury is 
one of hyperpronation of the forearm, the 
radial head is usually found to be stable in full 
supination, once the ulnar fracture has been 
fixed. The forearm should be immobilized in 
this position in a long-arm cast for 3—4 weeks. 
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Fig. 5.4-13: Metaizeau et al. [22] recommend gentle partial reduction 
with a percutaneous probe, followed by completion of the reduction 
using the rotation of a cranked tip of an elastic titanium nail (TEN), as 
illustrated. 


Fig. 5.4-14: Open reduction and internal fixation of the ulna is indicated in a Monteggia fracture dislocation if 
closed reduction is not successful. Splintage in full supination is maintained for 3-4 weeks thereafter. 
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Displaced forearm fractures in 
children over 10 years should 
be managed as in the adult. 


In multiple trauma the priorities 
of assessment and management 
are the same as in the adult, 
with special consideration of 
size and shape of the child. 


In polytrauma most fractures 
should be stabilized surgically— 
preferably by external fixation. 


5.4.3 Forearm shaft fractures 


Shaft fractures of the forearm bones in children 
under 10 years of age can almost always be 
treated non-operatively. The physiological bow- 
ing of the radius and ulna has to be restored to 
prevent limitation of pronation and supination. 
In the older child, poorly reduced forearm frac- 
tures are an indication for open reduction and 
plate fixation (Fig. 5.4-15) or the use of elastic 
medullary wiring [14]. In general, displaced 
diaphyseal fractures of the forearm bones in 
children of 10 years of age or over, should 
be managed as in the adult [23]. 


Fig. 5.4-15: Both-bone forearm fractures are rarely 
fixed surgically under the age of 10. In older children 
indications for open reduction and internal fixation are 
the same as those for adults (LC-DCPs 3.5) or elastic 
titanium nails (TENs). 
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5.5 Multiple trauma in the 
injured child 


Nearly 22 million children are injured every 
year in the United States, representing one out 
of every three children. Children with multiple 
trauma can rapidly decompensate and develop 
serious life-threatening complications. These 
patients should be transferred at an early stage 
to a pediatric facility capable of managing such 
injuries. 

While open fractures and deformities might 
be more obvious, it must always be borne in 
mind that severe trauma often results in injury 
to areas other than the musculoskeletal system. 

The priorities of assessment and management 
are the same as in the adult, securing the airway, 
breathing, and circulation, and reserving the 
musculoskeletal evaluation for the secondary 
survey, according to the ATLS principles. 

Due to their size and shape, children 
require special consideration. When a child 
gets hurt, the energy imparted from fenders, 
bumpers, and the instant deceleration of falls 
results in a greater transmitted force per unit of 
body area than in the adult. This results in a 
high incidence of multiple organ injuries in the 
pediatric population. 

In the management of fractures, early and 
accurate reduction with stable fixation is the 
“gold standard”. Many fractures that as single 
injuries would respond well to closed treat- 
ment, demand surgical fixation in poly- 
trauma, just as in the adult (see chapter 5.3). 
Marcus et al. [24] have demonstrated that early 
osteosynthesis of fractures in the child with 
multiple system injuries decreases hospital stay, 
intensive care time, and the period of ventilator 
dependency. It also greatly mitigates the distress 
felt not only by the child and its family, but also 
to those delivering the care. 


The techniques employed are those used for 
the single injuries, although external fixation 
may be preferable in certain instances by virtue 
of its speed of application and ease of later 
removal after fracture healing. 
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Antibiotic prophylaxis 


Werner Zimmerli 


1 Introduction 


Despite applying aseptic principles to the 
practice of surgery, surgical site infections still 
occur, not only after open fractures, but also 
after clean surgical procedures such as internal 
fixation of closed fractures or arthroplasties. 
Antimicrobial prophylaxis is mainly indi- 
cated in procedures associated with a high 
rate of infection, such as clean-contaminated 
or contaminated operations [1]. The criteria for 
a clean surgical wound include: 
e The elective performance of the 
procedure (i.e., not emergency): 
Primary wound closure. 
e The absence of acute inflammation. 
e No break in aseptic technique. 
e The absence of transection of colonized 
surfaces. 


The infection rate of clean surgery among 
47,000 procedures was shown to be 1.5% [2]. 
In such surgery, antibiotic prophylaxis is gener- 
ally not indicated, because it is not cost-efficient. 
However, perioperative prophylaxis has 
become standard practice in surgery using 
implants [3]. 


The role of foreign material in potentiating 
wound infection was first demonstrated by Elek 
and Conen [4]. They demonstrated that in the 
presence of suture material a 10,000-fold lower 
innoculum of Staphylococcus (S.) aureus led to 
skin abscesses in human volunteers. Zimmerli 
et al. [5, 6] confirmed the infection-potentiating 
effect of implant material in an animal model, 
and explained it as a locally acquired defect of 
granulocytes. 

Prophylaxis of surgical site infection depends 
not only on appropriate antibiotic prophylaxis, 
but also on appropriate surgical management, 
proper awareness, and possible avoidance of the 
risk factors summarized in Table 5.5-1. Anti- 
biotic prophylaxis should not distract sur- 
geons from careful aseptic surgery and 
avoidance of risk factors. The quality standard 
for antimicrobial prophylaxis in surgical proce- 
dures has recently been published by an expert 
group from the US [7]. According to these ex- 
perts, in orthopedic procedures with hardware 
insertion, parenteral antimicrobial prophylaxis 
should be administered. 


Antimicrobial prophylaxis is 
mainly indicated in procedures 
associated with a high rate of 
infection. 


Antibiotic prophylaxis is not a 
substitute for careful surgical 
technique. 


Perioperative prophylaxis is 
standard for implant surgery. 


699 


700 


Staphylococci are the pre- 
dominant infecting agents in 
device surgery. 


In fracture surgery, coagulase- 
negative staphylococci are less 
important than in joint 
replacement procedures. 
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Table 5.5-1: Risk factors for surgical site infections. 


Host-related 


Procedure-related 


* High age * Early preoperative hair removal 
* Comorbidity (diabetes mellitus, obesity, * Shaving vs. hair clipping 


inflammatory arthritis in joint replace- 
ment, malnutrition, malignoma) 


° Drugs (steroids and other immuno- e Lengthy surgical procedure 

suppressive or cytotoxic drugs, previous 
antibiotics) 

* Preoperative hospitalization e Traumatic or unfamiliar surgical technique 
(hematoma, devitalized tissue, dead space, 
electrocautery, etc.) 

e Remote infection * Prolonged drainage 

e Nasal carriage of S. aureus e Emergency procedure 


The risk of infection varies according to the 
type of fracture and the surgical procedure. 
Patients undergoing joint replacement, or with 
closed fractures, have an infection rate between 
0-5%. Those with open fractures have a rate 
between 5% (type 1) and > 50% (type 3A-C) 
[8]. In type 3 open fractures there is extensive 
soft-tissue damage. In this situation, surgery 
takes place in a heavily contaminated field. 
Therefore, short-term empirical treatment, and 
not prophylaxis, should be performed. 


2 Microbiology of bone- 
~ device-associated 
infections 


The microbiology of prosthetic joint infec- 
tions is well known. As in other types of 
device-associated infections, staphylococci 
are the predominating infecting agents. 
This is mainly due to two factors, namely (a) to 
their presence in the skin flora even at lower 


layers which are not reached by skin disinfec- 
tion, and (b) to the host proteins, such as fibrin 
and fibronectin, which mediate adherence of 
staphylococci to foreign bodies [9]. In the series 
of I,033 prosthetic joint infections from the 
Mayo Clinic, Steckelberg and Osmon [10] re- 
ported that: 

e 25% were due to coagulase-negative 

staphylococci, 

e 23% to S. aureus, 

e II% to gram-negative bacilli, 

* 8% to streptococci, 

e 6% to anaerobes, 

e 3% to enterococci, and 

e 2% to other microorganisms. 


Fourteen percent of the infections were poly- 
microbial, and in 8% no microorganism was 
detected. 

In fracture surgery, coagulase-negative 
staphylococci are less important than in 
joint replacement procedures. S. aureus 
largely predominates compared to other micro- 
organisms. In the study of Boxma et al. [11], in 


the placebo group of patients with closed frac- 
ture, S. aureus was found in 64%, coagulase- 
negative staphylococci in only 3%, streptococci 
in 8%, mixed gram-positive cocci in 5%, gram- 
negative bacilli in 6%, mixed gram-positive/ 
gram-negative microorganisms in 8%, and 
mixed aerobic/anaerobic bacteria in 5% of the 
cases. 


3 Selection of the 
~ appropriate antimicrobial 
drugs for prophylaxis 


Various antimicrobial agents have been 
shown to be effective in perioperative pro- 
phylaxis. The drug should be active against the 
most common infecting agents involved in 
implant-associated bone infection. This spectrum 
is well known (as mentioned before); however, 
the susceptibility of these microorganisms may 
differ in various centers. Therefore, each hospital 
needs its up-to-date analysis of the resistance 
pattern of surgical site isolates. Another pre- 
requisite for a drug used in antimicrobial pro- 
phylaxis is that its risk of toxic and allergic 
reactions should be minimal. Antimicrobial 
agents with a high potency to select resistant 
strains, such as cefoxitin or ceftazidim, which 
are strong beta-lactam inducers, should be 
avoided. In case of otherwise identical quality 
of several substances, costs should also be 
considered in the choice of the prophylactic 
agents. 

In fracture and orthopedic surgery, a rational 
choice is a first-generation or second-generation 
cephalosporin, such as cefazolin, cefamandole, 
or cefuroxime. If the patient is allergic to cepha- 
losporins, or in settings with high prevalence of 
methicillin-resistant S. aureus, vancomycin is 


an alternative option. In contrast, even in 
centres with high prevalence of methicillin- 
resistant coagulase-negative staphylococci, 
vancomycin should not be used. This is based 
on two arguments. First, cefamandole may be 
prophylactically active against methicillin- 
resistant coagulase-negative staphylococci [12]; 
and second, in the CDC recommendations for 
preventing the spread of vancomycin resistance, 
the use of glycopeptides in routine surgical 
prophylaxis is clearly discouraged [13]. 


4 Correct timing of 
prophylaxis 


In order to get an optimal efficacy by the pro- 
phylactic agent, inhibitory antimicrobial tissue 
levels must be achieved at the time of incision 
and during the whole procedure. In the pioneer 
animal study of Burke [14], a very short period 
of prophylactic efficacy of 3 hours has been 
observed. Even a 1 hour delay markedly 
decreased the efficacy of single-dose prophy- 
laxis. These animal data have been confirmed 
with a large retrospective clinical study [15]. In 
this study on 2,847 wounds, the risk of surgical 
site infection increased six-fold when prophy- 
laxis was given either too early (> 2 hours 
before surgery) or too late (> 3 hours after 
surgery). Based on these studies, parenteral 
perioperative prophylaxis should be administered 
intravenously during the period beginning 60 
minutes before incision [7]. Administration 
up to the time of incision, or as close as 
possible to that time is to be preferred. 
When a tourniquet is used, antibiotic tissue 
levels are insufficient if the drug application is 
delayed to less than 5 minutes before inflation 
[16]. In another study the critical interval was 


Various antimicrobial agents 
have been shown to be 
effective in perioperative 
prophylaxis. 


Even a 1 hour delay markedly 
decreased the efficacy of single- 
dose prophylaxis. 


Administration as close as 
possible to the time of incision 
is best. 
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Prophylactic antibiotics lower 
the incidence of infection rate 
in orthopedic surgery, if 
compared to placebo. 
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10 minutes and longer [17]. Consequently, for 
adequate prophylaxis antibiotics should be given 
at least 10 minutes before the tourniquet is 
inflated. 


5 Review of controlled 
studies of prophylaxis 
in fracture and 
orthopedic surgery 


There are only a few placebo-controlled studies 
dealing with antimicrobial prophylaxis of device- 
associated infections. Because each deep infec- 
tion has devastating consequences, many studies 
have been ended prematurely. Nevertheless, 
the available information is clear enough to 
allow evaluation of the role of antibiotic pro- 
phylaxis in fracture and orthopedic surgery. 


Table 5.5-2 summarizes the results of five 
placebo-controlled studies with a total of 4,728 
patients [11, 18-21]. In four out of five studies 
the infection rate of patients with anti- 
biotics was significantly lower than in the 
placebo group, whether the procedure was an 
arthroplasty or an internal fixation. The only 
study without a significant result was too small 
to show a significant difference [21]. The infec- 
tion rates with a cephalosporin prophylaxis 
were 0.9-3.6%, as compared to 3.3-8.3% with 
placebo. According to these data, antibiotic 
prophylaxis is clearly indicated in fracture and 
orthopedic surgery. 

In these studies, different regimens were 
used in the active arm, from first-generation to 
third-generation cephalosporins, and from 
single-dose to 5-day prophylaxis. Consequently, 
further studies were performed, comparing 
different antibiotics or different treatment 


Table 5.5-2: Prospective, placebo-controlled trials of antimicrobial prophylaxis in fracture and orthopedic surgery. 


Procedure Infection rate p-value Reference 
Placebo Active drug 

(duration) 

Hip replacement 35/1067 = 3.3% 10/1070 = 0.9% 0.001 Hill et al. 1981 
Cefazolin (5 days) [18] 

Different fixation 11/150 = 7.3% 2/134 = 1.5% < 0.05 Gatell et al. 1984 

devices Cefamandole (1 day) [19] 

Dynamic hip screw 6/115 = 5% 1/124 = 1% <0.05 Bodoky et al. 1993 
Cefotiam (1 day) [20] 

Internal fixation of 3/62 = 4.8% 1/60 = 1.7% 0.33 Paiement et al. 1994 

ankle fracture Cephalotin (1 day) [21] 

(with tourniquet) 

Various internal 79/956 = 8.3% 36/990 = 3.6% 0.001 Boxma et al. 1996 


fixation devices 


Ceftriaxone (single dose) [11] 


duration. Table 5.5-3 summarizes five controlled 
studies with a total of 4,918 patients comparing 
a short versus a long-duration regimen [22-26]. 
Prophylaxis beyond I day was not superior to 
the short course. However, in the study of 
Gatell et al. [23], a 1-day course of cefamandole 
resulted in a significantly lower infection rate 
than a single dose. In another study with 
cefuroxime, the 1-day prophylaxis resulted in 
a 46% reduction of joint infection compared to 
a single dose in a total of 2,651 patients [24]. 
Despite the large study population, this diffe- 
rence was not significant (p = 0.17) due to the 


low infection rate in both prophylaxis groups. 
From these studies, it can be concluded that the 
duration of prophylaxis should not exceed 
1 day, and that one-day prophylaxis should 
be preferred to a single dose in centers with 
high infection rates. 

In patients with open fractures, there are 
only a few controlled studies [27-29]. In these 
studies pre-emptive therapy, not prophylaxis, 
was performed, i.e., the duration of “prophy- 
laxis” was 10 days. In the study of Patzakis et al. 
[27] the infection rate after open fractures was 
11/79 (14%) in the control-arm, 9/91 (10%) 


Table 5.5-3: Prospective trials of antimicrobial prophylaxis with active control in fracture and orthopedic surgery. 


Procedure Infection rate Statistical Reference 
Short regimen Long regimen analysis 
(duration) (duration) 
Hip and knee Cefazolin (1 day) Cefazolin (7 days) NS* Nelson et al. 1983 
replacement, 3/186 = 1.6% 4/172 = 2.3% [22] 
hip repair 
Cefamandole Cefamandole (1 day) 
(single dose) 
e Moore prosthesis 5/76 = 6.6% 0/74 = 0% 0.03 Gatell et al. 1987 
* Other fixation 15/306 = 5% 3/261 = 1% 0.006 [23] 
devices 
Cefuroxime Cefuroxime (1 day) 
(single dose) 
Hip replacement 11/1327 = 0.83% 6/1324 = 0.45% NS Wymenga et al. 1992 


Cefuroxime 

(single dose) 
1/187=0.5% 
1/178=0.6% 


* Hip replacement 
e Knee replacement 


Cefuroxime (1 day) 
6/210=3% 


Hip repair 
fixation devices 


2/168=1.2% NS 
3/207=1.4% NS [25] 


Cefadroxil (1 day p.os) NS 
1/242=0.4% 


(p=0.17) [24] 


Cefazolin (3 days) 


Mauerhan et al. 1994 


Nungu et al. 1995 
(p=0.07) [26] 


* NS: not significant (p>0.05) 
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The duration of antibiotic 
prophylaxis should as a rule not 
exceed 1 day. 
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Quinolones should not be 
used in prophylaxis. 


Newer antibiotics should be 
reserved for treatment. 
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in the penicillin/streptomycin-arm, and 2/84 
(2%) in the cephalothin-arm. The reduction in 
the cephalothin-arm was significant (p < 0.03). 
However, in this study the overall infection rate 
was low with 9%, suggesting that only a few 
grade III open fractures were included. In all 
three studies a significant reduction of the 
infection rate was observed, indicating that in 
internal fixation of open fractures pre-emptive 
therapy with a first-generation or second- 
generation cephalosporin during 5-10 days is 
legitimate [27-29]. Unfortunately, there are no 
studies on the optimal duration of such a therapy. 
In addition, it is not clear whether a 1-day 
prophylaxis would be adequate for grade I 
and II open fractures. In our institution, a 5-day 
pre-emptive therapy with amoxicillin/clavulanic 
acid is only performed in patients with grade III 
open fractures, whereas a 1-day prophylaxis 
with cefuroxime is used in all other types of 
fracture surgery. 


6 Controversial issues 


There is little evidence to suggest that newer 
antimicrobial agents with a broader in-vitro 
antibacterial spectrum have any advantage 
compared to cephalosporins with narrower 
spectra. It should be the rule to choose as narrow 
a spectrum as possible. Newer antibiotics 
should be reserved for treatment. An excel- 
lent recent study by Boxma et al. [11] breaks 
this rule by using ceftriaxone, a third-generation 
cephalosporin. Compared to the different regi- 
mens with older cephalosporins, this agent has 
no advantage, except for the fact that it results 
in efficacious tissue levels during 24 hours, thus 
providing 1-day coverage as single dose. How- 
ever, we prefer the use of a second-generation 


cephalosporin (e.g., cefuroxime or cefamandole), 
which can be given as single dose in centers 
with low infection rates and in three doses in 
centers with high or unknown rate of infection. 

Up to now, quinolones have not been used 
in surgical prophylaxis. There is a danger that 
new quinolones with better activity against 
gram-positive cocci (e.g., sparfloxacin, trova- 
floxacin, levofloxacin) will be introduced in 
surgical prophylaxis. However, quinolones 
should not be used in prophylaxis, because 
of the rapid emergence of resistant staphylo- 
cocci [30]. In addition, quinolones combined 
with rifampin are important drugs in the treat- 
ment of device-associated infection and should, 
therefore, be strictly avoided in prophylaxis 
[30]. 

Another controversial issue is the use of 
vancomycin in prophylaxis. For the reasons 
mentioned above (emergence of vancomycin- 
resistant enterococci), it should be strictly 
reserved for centers with a high prevalence of 
methicillin-resistant S. aureus [13]. 


7 Guidelines for 
prophylaxis 


From the different controlled studies, the 
following guidelines can be drawn. 


Arthroplasty or internal fixation devices of 
closed fractures 


In centers with infection rates < 5%: 
e Single dose of cefamandole (2 g i.v. 30 
min before incision) or cefuroxime (1.5 
gi.v. 30 min before incision). 


In centers with unknown or high infection rates 
(> 5%) and in open fractures type 1 and type 2: 
e Cefuroxime (1.5 g 30 min before 
incision, followed by 2 doses of 0.75 g 
every 8 hours), or 
¢ Cefamandole (2 g i.v. 30 min before 
incision, followed by 4 doses of 1 g 
every 6 hours). 


Internal fixation of grade Ill open 
fractures: 


e Pre-emptive therapy with an anti- 
staphylococcal drug such as amoxicillin/ 
clavulanic acid (2.2 g i.v. tid) or cefu- 
roxime (1.5 g, followed by 0.75 g i.v. 
tid). 
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1 Thromboembolism: an 
issue in trauma surgery 


Venous thromboembolism is a significant cause 
of mortality and morbidity in trauma and ortho- 
pedic practice. Despite the focus of research on 
elective orthopedics, particularly joint replace- 
ment, there is probably a greater problem in 
certain areas of trauma practice. 


1.1 Clinically important 
outcomes 


Sudden death 


Fifty percent of those who die from a pulmo- 
nary embolism (PE) will die within 1 hour of 
the first symptom; the majority of those die 
almost immediately. Emergency surgery for PE 
is only realistically possible in the setting of a 
cardiothoracic unit. Most of the patients who 
die will have had no symptoms of throm- 
bosis prior to their PE. 


Symptomatic DVT or PE 


Clinically evident non-fatal thromboembolism 
is relatively common in both trauma and elective 


Thromboembolic prophylaxis 


practice. Serious sequelae are described par- 
ticularly in general medical practice, such as 
chronic lung dysfunction following multiple 
PE’s, but these are less common in orthopedic 
practice. 


Postphlebitic limb 


Occlusive proximal venous thrombosis in medi- 
cal practice is frequently followed by chronic 
swelling, pigmentation, and ulceration of the 
leg. Despite the high rate of deep venous throm- 
bosis (DVT) detected in orthopedic patients, the 
incidence of postphlebitic limb in follow-up 
studies has been low [1]. Plethysmographic 
studies have suggested flow problems in the 
medium term following DVT [2], but the rate 
of ulceration has not yet been shown to be 
increased in patients following major ortho- 
pedic surgery. 


1.2 Surrogate outcomes and 
research interpretation 


The interpretation of research findings in this 
field can be difficult. This is due to the volume 
of published literature and its contradictory 
nature. Clinical experiments in thrombosis are 


Most of the patients who die 
will have had no symptoms of 
thrombosis prior to their PE. 
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Thrombosis and fibrinolysis are 
a balanced, continuous 
homeostasis. 
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not difficult to initiate, but are difficult to com- 
plete when restricted to useful clinical end- 
points. Thus, many studies apply surrogate 
endpoints to achieve statistically significant 
outcomes of dubious clinical relevance. Con- 
fining one’s reading to well-controlled studies 
with clinically relevant endpoints can drastically 
reduce the information overload available in 
this field. 


Scanning the asymptomatic patient 


The standard investigation for DVT or proximal 
venous thrombosis in the leg is the ascending 
venogram [3]. The investigation was devised to 
see if swelling and pain of a symptomatic leg 
could be explained by the presence of a throm- 
bus. The investigation represents a snapshot of 
the leg at any particular time, and although a 
filling defect represents a thrombus whether or 
not the patient is symptomatic, one must re- 
member that thrombosis and fibrinolysis 
are a balanced, continuous homeostasis. 
One cannot tell from a single venogram whether 
a thrombus is extending or resolving. The nature 
of venography makes repeat studies difficult, 
and it is thrombogenic in its own right. Doppler 
ultrasound has been used in various forms to 
investigate DVT. Simple flow “auscultation” at 
the femoral vein is ineffective. B-mode ultra- 
sound is more effective and color-flow even 
more so. All ultrasound modalities are expen- 
sive, time-consuming, and operator dependent. 
They are less accurate than venography in the 
calf and above the inguinal ligament. Many 
other methods have been tried, such as liquid 
crystal thermography and plethysmography. 
Most have shown acceptable sensitivity and 
specificity in symptomatic patients but have 
been unsatisfactory for routine screening in an 
orthopedic setting [4, 5]. 


J History and background 


2.1 Virchow’s triad 


The pathophysiological background for throm- 
bosis formation is attributed to Virchow. The 
“triad” of predisposing factors is: 

* Damage to the vessel wall, 

e Venous stasis, 

e Hypercoagulable state. 


It is clear that all three are present in orthopedic 
trauma and elective practice. 


2.2 Charnley/Mayo 
experience with THR 


Early reports from the originators of total hip 
replacement (THR) suggested that the incidence 
of fatal pulmonary embolism was extremely 
high, between 1-3%, and these figures were 
supported by venographic studies showing high 
rates of thrombosis following hip and knee 
replacement and hip fracture. More recent 
studies question the rate of fatal pulmonary 
embolism following joint replacement, suggest- 
ing the overall early mortality to be of the order 
of 1%, with PE accounting for between one half 
and one tenth of that [6]. The rate of fatal PE 
after a proximal femoral fracture has always 
been difficult to determine due to the patient 
population, lack of autopsy data, and a shortage 
of controlled trials. 


2.3 Relationship of 
thromboembolism to 
fracture disease 


Fracture disease as originally described is 
a syndrome of pain, swelling, and lack of 
function leading to fibrosis and stiffness. 
Although the mortality rate, particularly 
from peripheral fractures, has been low, 
the contribution of thrombosis to the con- 
dition was probably considerable. 


3 | Risk factors 


3.1 General patient 
characteristics 


Age 


Age is a most important predictor of throm- 
boembolism [7]. The risk increases with 
advancing age. The incidence in childhood 
is negligible. In adolescence other risk factors, 
such as oral contraception may be present. The 
majority of fracture patients are elderly, and 
doubly at risk. 


Previous thromboembolism 


Previous thromboembolism is an extremely 
important risk factor [7]. Many patients with 
recurrent thrombosis are now being found to 
have genetic and hematological risk factors, but 
even those without these are at great risk of a 
second episode. It is most important to seek a 
history of thromboembolism from patients, as 
this represents the only practical method of 
screening them for risk. 


Genetic predisposition 


Some families carry a genetic predispo- 
sition to thrombosis. In only 50 % of them 
a recognized abnormality may be detected. In 
the presence of antithrombin III, protein C or 
S deficiency there is a clear risk of thrombosis, 
particularly following surgery, immobilization, 
or trauma. Less clear is the role of Factor V 
Leiden. Five percent of the Caucasian popu- 
lation will inherit this trait, but only a small 
proportion will develop thrombosis. The pres- 
ence of a family history of venoembolic disease 
in a first degree relative, especially at a young 
age, should alert the surgeon to the possible 
risk. 


Pregnancy/oral contraception/HRT 


Any patient who has an estrogen stress has an 
increased risk of thrombosis. This is exacerbated 
by any genetic predisposition. The risk increases 
as pregnancy progresses but is lower in patients 
taking oral contraception. There appears to be 
a small but finite risk of thrombosis in people 
taking hormone replacement therapy (HRT), 
but this is usually outweighed by the potential 
benefits. The incidence of thrombosis for those 
on HRT is 3 in 10,000 as against 1 in 10,000 in 
the general population. 


3.2 Fractures and fracture 
surgery 


Fractures and operations have an effect on all 
three elements of Virchow’s triad. The surgical 
insult on top of the initial fracture doubles the 
risk. 


Some families carry a genetic 
predisposition to thrombosis. 


Thrombosis is probably a 
significant contributor to 
fracture disease. 


The risk of thromboembolism 
increases with advancing age. 


A history of previous thrombo- 
embolism is an extremely 
important risk factor. 
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Thrombosis of the upper limb is 
very unusual, even after surgery. 


Fractures around the knee 
carry a particular risk. 


Delayed mobilization is an 
established cause of increased 
thrombosis. 
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Relative immobilization 


All fracture management, however aggressive, 
contains an element of immobilization and in 
the affected limb this may be prolonged. 


Lower limb surgery 


Thrombosis of the upper limb is very un- 
usual, even after surgery. The risk of throm- 
bosis after lower limb fracture surgery increases 
from distal to proximal [8], with the worst risk 
following pelvic and acetabular fractures [9]. 
Fractures around the knee carry a par- 
ticular risk due to the proximity of the 
popliteal vein. The tourniquet has paradoxical 
effects, on the one hand creating stasis, on the 
other, triggering fibrinolytic pathways. Its use 
in fracture surgery seems to be diminishing 
[10]. Pulmonary embolism can occur in those 
treated surgically for fractures distal to the hip 
but in general the embolism rate is low. 


Influence of weight bearing 


Delay in weight bearing is inevitable in most 
fractures. Delayed mobilization is established 
as a cause of increased thrombosis in elective 
orthopedics [11]. 


Muscles pumps and venous return 


Limited weight bearing influences thrombosis 
by increasing venous stasis. Muscle pumps that 
promote venous return exist both in the calf 
and the sole of the foot. The foot pump is prob- 
ably the more important and is capacious. In 
normal walking it is activated by each step. 


4 Prophylaxis 


The rationale of prophylactic regimens for DVT 
is bewildering, as is their variety. 


4.1 Strategies 
Prophylaxis versus treatment 


Prevention, rather than treatment of estab- 
lished disease, is the norm. Clinical diagnosis of 
DVT is so unreliable, even in patients without 
fractures, that it is not worth attempting. Con- 
ventional treatment of DVT does not dispel the 
thrombus, and thus lasting damage may be done 
to the vein, leading to recurrence. Pulmonary 
embolism normally occurs unheralded, and has 
considerable early mortality. Treatment by anti- 
coagulation carries considerable morbidity in an 
orthopedic setting, and, following fracture, can 
promote a compartment syndrome. Thrombo- 
lysis is not an option following surgery. Filter 
placement in the vena cava will prevent recur- 
rent emboli, but carries its own risks. 


Surveillance 


Surveillance by screening methods is commonly 
employed instead of, or as well as, prophylaxis. 
The deficiencies of most investigative methods 
of screening have been highlighted earlier. 
Screening by venography can be clinically 
effective but is probably not cost-effective. 


4.2 Methods 


4.2.1 Mechanical 


Compressive stockings 


It is slightly surprising that anyone ever thought 
of putting a compressive stocking on a limb 
insulted by trauma or surgery. Graduated com- 
pression stockings have been found to be effec- 
tive thromboprophylaxis in abdominal surgery, 
but evidence for their preventative use in 
orthopedic and fracture surgery is poor and 
there have been some reports that found them 
to be positively detrimental [12]. Their only 
possible role in fracture surgery is after spinal 
fracture. 


Mechanical pumps 


Various compression devices exist to re- 
place or enhance the natural muscle pump 
function. These range from simple inflat- 
able boots that compress the calf to sequen- 
tial compression devices that transport 
venous blood proximally. The latter are 
more effective. Devices that compress the sole 
of the foot to empty that plexus are relatively 
small and also effective, but not all patients can 
tolerate them. They carry the advantage of 
significantly reducing swelling and are also 
useful therapy for some fractures [13]. 


Vena cava filters 
Filter placement is a strategy for prevention of 


PE in the face of known or likely thrombosis. 
Ideally, the patient will also be anticoagulated 


in order to prevent clotting around the filter 
itself. The risks and benefits of placing the filter 
prophylactically are not yet fully clear. 


4.2.2 Chemical 


Chemical agents have been the mainstay of 
thromboprophylaxis in most branches of sur- 
gery since the 1970s, as a result of their docu- 
mented effectiveness. They have, however, 
never been popular with surgeons because of 
perceived bleeding complications and, certainly 
in the UK, their use amongst orthopedic sur- 
geons is waning. This is surprising as more 
effective regimens and agents have become 
available. 


Warfarin (coumadin) 


Warfarin is a highly effective anticoagulant 
taken orally but is considerably bound by plasma 
proteins so that other agents (alcohol, anti- 
biotics) have a major effect on its potency. There 
is a delay in the onset of anticoagulation so that 
initially other measures must be used. In fracture 
surgery warfarin is most commonly used for the 
treatment of an established DVT, and after pelvic 
and acetabular surgery. Its use must be moni- 
tored by blood test (INR, international nor- 
malized ratio, or prothrombin time ratio). In 
prophylaxis, an INR target value of 1.5 is 
frequently used, with higher values for treat- 
ment. Reversal of excessive INR values can be 
achieved with vitamin K, but high doses of this 
make the patient warfarin -resistant for days; so 
a dose of about 0.5-1.0 mg is sufficient for 
control. Warfarin is an effective prophylactic 
measure in hip fracture surgery. 


Of the mechanical means for 
prophylaxis, the sequential 
compression boots appear to 
be the most effective. 
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In the multiply-injured throm- 
bosis prophylaxis is difficult. 


LMWH has been found to be 
effective in several trials. 
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Heparins 


Heparins are naturally occurring anticoagulants. 
For clinical practice they are generally derived 
from pigs, which can lead to occasional allergic 
problems. Activity of unfractionated heparin is 
monitored using the APPT ratio (activated 
partial thromboplastin time). In full dose, this 
is the conventional drug to initiate anticoagu- 
lation. Full anticoagulation in the postoperative 
period has a high incidence of bleeding com- 
plications. The newer heparins are fractionated 
to contain more low molecular weight elements 
(hence, low molecular weight heparin, LMWH). 
They are supposed to allow antithrombotic 
rather than anticoagulant activity, thus reducing 
unwarranted bleeding; however, this theory is 
not strongly supported by clinical trials. Their 
action is best monitored using an assay of anti- 
Factor Xa action. Unfractionated heparin (UFH) 
in small doses was widely used for prophylaxis 
in trauma and orthopedic practice after its 
successful use in abdominal and elective ortho- 
pedic surgery. The evidence for its use, particu- 
larly in fracture surgery, was never especially 
strong. Even in meta-analysis it could not be 
demonstrated to save lives in the hip fracture 
population. LMWH is more effective than 
UFH in clinical trials of prophylaxis in 
elective orthopedic surgery, and more 
effective than warfarin, though perhaps 
causing more bleeding [14]. LMWH has 
been used in several fracture trials and 
found to be effective, using venography as 
the endpoint. 


Aspirin 
Aspirin is the oldest and cheapest chemical 


thromboprophylactic drug available. The mecha- 
nism of action is as an antiplatelet agent, and 


the meta-analysis conducted by the Antiplatelet 
Triallists’ Collaboration has re-established its use 
[15]. In orthopedic trauma the reduction in 
DVT was from 42-36%, which seems modest; 
the PE rate, however, was more than halved, 
from 6.9-2.8%. Even in this large study of more 
than 8,000 patients no difference was observed 
in the overall death rate. A large multicenter 
prospective study of aspirin in patients with hip 
fractures is now underway in the UK to docu- 
ment the effect on the postoperative death rate. 
Low molecular weight heparinoid prevents 
more thromboses than aspirin [16], but aspirin 
may well have a beneficial effect against other 
causes of death [17]. 


5 Particular problems 


5.1 The multiply-injured 


In multiple injuries, coagulation mechanisms are 
severely disrupted. In the initial resuscitation 
phase with massive blood and fluid transfusion 
a clotting screen will demonstrate an hypo- 
coagulable situation. However, even at this 
stage, due to the influence of direct trauma, 
hypotension, and stasis, thrombosis may 
develop. Prophylaxis in this group is ex- 
tremely difficult. Low dose heparin is probably 
ineffective. Greater degrees of anticoagulation 
may be inappropriate due to other injuries. 
There is a trend, particularly in North America, 
towards the early placement of vena cava filters 
in the severely injured, and success is reported 
in comparisons with historical controls [18] by 
some though not by others [19]. A protocol for 
prophylaxis in multiple trauma that is sensitive 
to constraints of different injuries is invaluable. 


5.2 Spinal injuries 


Nowhere is there greater potential for dis- 
aster from bleeding complications, caused 
by chemical prophylaxis than in the spine. 
Spinal and cord injury carry a high inci- 
dence of DVT. Several small studies suggested 
that low-dose heparin was safe and effective in 
this situation—but there has been a steady 
stream of case reports of serious complications, 
and physical methods appear to be preferable. 


5.3 Pelvis and acetabulum 


These fractures, particularly if severe enough to 
warrant fixation, have a high incidence of 
proximal vein thrombosis (around 50%). This 
leads to a high rate of PE (2-10%) and fatality 
(0.5-2%) [9]. Diagnosis can be difficult, but is 
improved by magnetic resonance (MR) veno- 
graphy. Many use routine postoperative anti- 
coagulation [20]; an alternative is an aggressive 
surveillance policy. Within this group there may 
be indications for filter placement, particularly 
for free-floating proximal thrombus and throm- 
bosis occurring in the face of anticoagulation. 


5.4 Hip fractures 


Fracture of the proximal femur is associated 
with a high mortality. An audit of a single UK 
region showed the overall rate to be 18% at 90 
days. Use of thromboprophylaxis was associated 
with a reduced death rate [21]. Studies are 
difficult to perform in this group, particularly 
if they involve invasive investigations. Meta- 
analysis in 1988 of studies involving UFH did 
not show an effect on the mortality rate. 
Reviews suggest the thrombosis rate in hip 


fractures with LMWH prophylaxis remains very 
high [22]. Other factors affecting the mortality 
that the surgeon can influence are delay before 
surgery and early mobilization. Delay to surgery 
is a significant predictor of mortality [23]. 


5.5 Ambulant patients 


The risk of DVT in outpatients is small but 
defined. Research has concentrated on two 
groups; patients who have been discharged to 
the community following major orthopedic 
surgery, and those receiving outpatient fracture 
treatment. PE does occur in those treated on 
plaster, but their risk compared to the general 
population is hard to assess. Careful venographic 
trials have shown reduced thrombosis rates in 
both postdischarge and ambulant fracture 
patients, but no trials have demonstrated an 
effect on a clinically important endpoint. In 
some countries the widespread use of prophy- 
laxis in these clinical situations may be driven 
by medico-legal concerns. 


Spinal and cord injury carry a 
high incidence of DVT. 
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Postoperative management: 
general considerations 


Christian Ryf, Andy Weymann, Peter Matter 


1 Introduction 


The overall care plan for a trauma patient 
should cover the preoperative manage- 
ment, the treatment procedures, and the 
postoperative care. 

All too often, it is during the period after the 
main intervention that vigilance is relaxed and 
complications may be permitted. These, at best, 
deprive the patient of the full benefit of what- 
ever has been done and, at worst, may blight its 
outcome. 

Postoperative management, therefore, must 
be directed to the patient in terms of the pro- 
cedure, the effects of the injury, and the en- 
vironment, not just in hospital, but at home 
and later at work and at leisure. To achieve this, 
three postoperative phases are recognized: 

e Inthe first phase—immediately after 
surgery—emphasis is on mobilization, 
prophylaxis, and early recognition of 
complications. 

e Inthe second phase—at the conclusion 
of hospitalization—attention is centered 
upon integration into the accustomed 
social environment. 

e The final phase concludes treatment 
and returns the patient to his/her 
preoperative capabilities. 


2 Immediate postoperative 
phase 


2.1 Analgesics and 
dressings 


The important role of analgesia for the patient 
in maintaining comfort and obtaining cooper- 
ation should be addressed from the outset. We 
recommend the following principles be fol- 
lowed regarding the treatment of pain: 

e Analgesics should begin early, 
before pain becomes unbearable. 

e Non-steroidal anti-inflammatory agents 
or paracetamol are ideal. 

e Ifneeded, morphine or morphine 
derivatives may be prescribed. In more 
extensive injuries where intense pain is 
to be expected, either a PCA pump 
(patient controlled analgesia) or an 
indwelling epidural catheter should be 
employed. 

e The level of pain relief attained com- 
forts the patient, and permits early 
postoperative mobilization. 

So that the surgical wounds can dry as quickly 
as possible, they are covered in the operating 
room with sterile, absorbent gauze that allows 


Treatment plan includes pre- 
operative, perioperative, and 
postoperative management. 


Give analgesics early before 
pain becomes unbearable. 
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Daily changes of dressing 
prevent moist chambers. 


Elevation of the limb reduces 
postoperative swelling. 
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for air circulation. When used, suction drainage 
remains in place for about 24 hours, with 
routine amounts of exudation. For larger 
amounts, as in pelvic or hip fractures, 48 hours 
may be required. 

Articular fractures are a special case and 
should be drained for no more that 8-12 hours. 
Beyond these times, the risk of infection is 
increased. 

If the wounds have bled a good deal, the 
first change of dressings takes place 24 hours 
after surgery (Video 5.7-1); otherwise they can 
remain in place 48 hours. Thereafter, the 
dressings are changed daily in an effort to 
prevent the formation of any sort of a 
moist chamber. Such changes are carried out 
under the strictest of hygienic conditions. Dilute 
iodine or chlorhexidine solutions are recom- 
mended for skin disinfection. Open wounds 
should be moistened with balanced electrolyte 
solution (e.g., lactated Ringer’s) on a regular 
basis. Contaminated wounds are flushed with 
antiseptic solutions such as Lavasept® (see 
chapter 6.1). Such mechanical rinsing is particularly 


ro Video 5.7-1 


effective. As soon as bleeding or secretion 
ceases, the wound is left uncovered. Even with 
sutures in place, if the wound is temporarily 
protected by a watertight dressing (e.g., Op-Site 
Film”, Tegaderm®), the patient can bathe or 
undergo hydrotherapy. 


2.2 Elevation and support 
of the injured limb 


Many surgeons have their own preferred re- 
gimes, but the following guidelines are widely 
applicable. Immediately after the operation, 
the treated extremity is positioned above 
the level of the heart to minimize swel- 
ling. 

Following osteosynthesis on the upper ex- 
tremity, the limb is either placed on a cushion 
or elevated in a bag (Fig. 5.7-1a). When the 
latter is used, flexion of the elbow should not 
exceed 75°. 

After any procedure, pressure, malposi- 
tioning, and deformity are to be prevented. In 
particular, the medial epicondyle of the elbow 
(ulnar nerve), and the head of the fibula (per- 
oneal nerve) must be well padded. Removable 
plaster bandages or splints, if they are used, 
must not lead to malpositioning nor inhibit 
early postoperative mobilization and physical 
therapy. Splints on the forearm are placed in 
“intrinsic plus” position to prevent contracture 
of the muscles and joints of the hand. 

In fractures near the hip, the affected ex- 
tremity is placed in moderate abduction and 
held in that position between cushions or in a 
padded splint. 

In distal and midshaft femur fractures, the 
lower leg is supported with the hip and knee 
joints each in 90° of flexion (Fig. 5.7-1b). An 
operated lower leg is similarly supported, but 
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Fig. 5.7-1: Positioning after operations. a) Upper 
extremity, b) distal/midshaft femur, c) lower leg. 


it is sufficient to flex the knee and hip to 45° 
(Fig. 5.7-1c). Articular fractures about the 
knee are best managed by continuous 
passive motion (CPM) (Fig. 5.7-2). Such efforts 
to reduce swelling may be reinforced with 
cooling and/or non-steroidal anti-inflammatory 
drugs. 

In patients with a tendency toward the 
equinus position, a U-bar is adapted to fit the 
limb. In the presence of articular fractures 
whose mobilization must begin gradually, or 
with associated ligamentous lesions, splints 
with limited mobility are helpful. 

The combination of an operation and 
subsequent protracted immobilization is 
inappropriate, due to the increased rate of 
associated complications. External splintage 


Fig. 5.7-2: In joint fractures the continuous passive 
motion splint is employed. 


Articular fractures benefit from 
CPM. 


Operation followed by plaster 
immobilization is a bad 
combination. 
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Encourage early weight 
bearing in the compliant 
patient. 
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should only be used, when unavoidable, to 
prevent malpositioning, to ensure problem-free 
wound healing, or in connection with an 
additional injury. 


2.3 Swelling and 
mobilization/prophylaxis 
of thrombosis 


Eearly mobilization, and in certain circum- 
stances elastic supports, can be very effective in 
preventing thrombosis. Medical prophylaxis 
against thrombosis [1] may be employed in 
addition, as described in chapter 5.6. Patients 
operated upon for injuries to the upper ex- 
tremity can and should stand up on the day of 
their surgery. In the case of the lower extremity, 
ambulation is postponed until soft-tissue swel- 
ling has gone and the wound shows no signs of 
inflammation (Video 5.7-2 and Video AO40002a). 
How much weight may be taken depends 
upon the character of the fracture and the 
function of the implants employed, subject 
always to the prospects of patient com- 


jao Video 5.7-2 


pliance [2]. Although guidelines are helpful, 
the responsibility for deciding this must rest 
with the operating surgeon, who should be in 
the best position to know how reliable the 
fixation is. Care must be taken not to allow 
early mobilization to interfere with wound 
healing. If swelling occurs, elevation of the limb 
is resumed. 


2.4 Antibiotics 


The use of antibiotics prophylactically [3] and 
in the treatment of contaminated wounds is 
covered in chapter 5.5. 


2.5 Activity and weight 
bearing 


Postoperative physical therapy begins on the 
first postoperative day. In long bone injuries, 
the neighboring joints are immediately put 
through active and active-assisted movement 
(Video 5.7-3). Continuous passive motion may 


o Video A040002a 
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already be under way. At first, weight bearing— 
up to 15-20 kg—should take place with the 
assistance of crutches and walkers and only 
under the guidance of trained personnel [4]. 
Training in walking up and down stairs (Video 
5.7-4) with canes is particularly difficult for 
patients, and should be carefully overseen. 
Hydrotherapy is an important means of pro- 
viding weightless and pain-free mobilization for 
patients with fractures of the spine, shoulder 
area, pelvis, and hip; it also helps to build up 
confidence. 


2.6 X-ray assessment 


Postoperatively, and preferably following 
removal of the suction drains, x-rays are 
taken in at least two planes. These serve to 
document fracture reduction and fixation, 
record the orientation of implants, and provide 
a basis for the evaluation of how fracture 
healing is progressing. 


“a Video 5.7-3 


2.7 Preparing for discharge 


Throughout this first phase, the patient should 
be regularly and fully informed about the 
clinical state, the rate of progress, and what is 
to be expected in the timetable of recovery. The 
expectations of the patient and the family 
should be ascertained and appropriately in- 
fluenced towards an understanding of the 
actual situation. All relevant support services 
should be brought in at this stage, in line with 
clinical progress. 

Prior to discharge from the hospital the 
following points should be established between 
patient and staff: 

e Wound free of inflammation. 

e Postoperative x-rays taken. 

e Instructions given for ambulation with 
crutches (including stairs), and for 
further mobilization (Video AO40002b). 

e Information provided about symptoms 
and signs of possible complications. 

e Instructions given to care-providers 
about aftercare. 


eet Video 5.7-4 


Postoperative x-rays are 
mandatory. 
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Potential complications must 


be recognized and prevented. 


Warning signs are local 
swelling, redness and 
tenderness, arrest or reversal 
of progress and mobility. 
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3. The middle phase of 
fracture treatment 


3.1 Clinical care outside 
hospital 


Under normal conditions, the surgeon should 
ensure that a competent colleague will monitor 
the patient after discharge. He/she must be 
provided with sufficient information to be able 
to decide upon and carry out the next steps. 
This physician must recognize irregular- 
ities in the healing process and prevent 
them from becoming serious complica- 
tions. The first postoperative consultation 
should take place 12-14 days postoperatively, 
conveniently at the time of suture removal. 
Despite certain injury-dependent restrictions, 
and given an appropriate profession, work can 
be resumed as early as 2 weeks after the oper- 
ation if adequate arrangements for transpor- 
tation can be made. However, a recovery period 
of 6-8 weeks is more usual [5-7]. 


oe" Video AO40002b 


3.2 Clinical and x-ray 
monitoring 


The frequency and timing of return visits to a 
physician are largely a matter of local arrange- 
ment, but certain features are essential under 
any circumstances. 

During periodic visits for monitoring, special 
attention should be given to specific questions 
regarding routine patient activities like: shower- 
ing, bathing, sitting, lifting, work, and sport. 
These can be of great relevance to the patient’s 
personal and professional life. The sooner any 
problems in these areas are resolved, the sooner 
the patient may again be assimilated into his/ 
her accustomed environment. With good com- 
munication between patient and physician, this 
phase of fracture treatment can occur under 
conditions of optimal capabilities in work and 
sport. 

Clinical features to be considered as warn- 
ings are increased redness, swelling or 
local tenderness, arrest or reversal of pro- 
gress, or mobility associated with pain. 
Difficulty with activities, for example, weight 
bearing, which had previously been comfort- 
able, is a valuable guide. 

Radiographic monitoring at 4—6 week inter- 
vals must include views in two planes; in special 
cases additional views may be necessary. For 
fractures involving a joint surface in particular, 
tangential views may be essential in the evalua- 
tion of articular congruence. In long bone 
fractures, the neighboring joints should be 
included in the x-ray, which usually demands 
the use of a suitably long film. 

Aims of radiographic monitoring: Evalua- 
tion of postoperative x-rays must be done based 
on the type of healing expected, the mode of 
fixation used, the underlying state of the bone, 
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and the estimate made by the surgeon on com- 
pletion of the fixation. 

If direct healing is anticipated, the ap- 
pearance of irritation callus or a widening 
of the fracture line may point to impend- 
ing trouble and require modification of the 
management regime. 

With indirect healing, timely development 
of callus surrounding the fracture site and 
steadily maturing is a welcome sight. 

A careful watch is kept for secondary dis- 
placement, implant loosening (bone resorption), 
or failure and secondary displacement. 

The surgeon should be sure at all time that 
union is progressing at a rate appropriate to the 
particular clinical situation, and be prepared to 
take action if not. 

Given positive clinical and radiographic 
findings, weight bearing may be gradually 
increased. When joints are involved, a simulta- 
neous decision is made regarding the allowable 
freedom of motion. 


3.3 Implants—early removal 


Implants that retard mobilization and fracture 
healing—such as positioning screws or external 
fixators—can, in general, be partially or com- 
pletely removed after 6-8 weeks. This may 
enable the dynamizing of a medullary nail or a 
full range of motion—for example, following 
the removal of a positioning screw from the 
diastasis of a type C malleolar fracture. 

It is just as important to listen to the 
patient as it is to look at the x-rays. 


4 Third phase—conclusion 
of the fracture treatment 


Fracture treatment is considered to be com- 
pleted when the patient regains full capacity to 
work and to do sports. Should a new fracture 
occur, the surgeon must decide whether it is a 
“secondary fracture” or a “refracture” [8]. 


Definition of refracture 
All five of the following criteria must be ful- 
filled, without exception: 
1. The original fracture focus is involved. 
2. Uncomplicated healing of a technically 
perfect osteosynthesis or appropriate 
conservative treatment. 
3. Correct aftercare. 
4. Appropriately timed removal of metal 
implants. 
5. Absence of an adequate new trauma. 


Definition of secondary fracture 
At least one of the above criteria is invalid. 


5 Implant removal— 
general comments 


Implant removal represents the true comple- 
tion of fracture treatment for many patients. 
While giving due concern to the patient’s 
own wishes, the expense, utility, and risks of 
removal of the implants must be weighed 
up. When implant removal is appropriate, 
further x-rays should be taken and scrutinized 
both to ensure that fracture healing is complete 
and to provide current information docu- 
menting the condition and true location of the 
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In stable fixation the 
appearance of irritation callus 
or widening of the fracture 
suggests trouble! 


The expense, utility, and risks 
of removal of the implants 
must be weighed up. 


It is just as important to listen 
to and to look at the patient as 
it is to study the x-rays. 
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The patient should be warned 
if his implant is likely to need 
removal. 


In the upper extremity, implant 
removal is generally neither 
necessary nor recommended. 


If removal of an implant carries 
a risk for the patient, it should 
be avoided. 
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implant(s). It is always helpful if a patient 
has been given, at an early stage after 
surgery, a clear indication of the surgeon’s 
opinion about the removal of implants in 
the particular situation. 

Indications for earlier removal may include 
inhibition of limb function or irritation of 
neighboring structures by the implant. Removal 
is more common among young patients and in 
lower limbs, since the risk of a new fracture in 
the area of the implant is higher and might be 
unnecessarily complicated by its continuing 
presence. In the upper extremity, implant 
removal is generally neither necessary nor 
recommended. 

As a rule in older patients, implants may 
usually be left in place. 

General health is also a factor. The risk and 
advantages of implant removal must be care- 
fully considered in patients with immune de- 
ficiencies (e.g., HIV, hepatitis, tuberculosis) and 
with local circulatory disturbances (e.g., dia- 
betes mellitus, peripheral arterial thrombosis). 
Individual implants, and those lying in 
areas with an elevated risk of iatrogenic 
damage (e.g., forearm, shaft of the hu- 
merus, pelvis) are left in place. 

In case of probable contamination of the 
metal used in an osteosynthesis, the material 
should be removed following the completion of 
fracture healing. Allergic-type reactions can 
occur, but they are rare with stainless-steel 
implants and practically unknown with im- 
plants made of pure titanium (see chapter 1.3). 
The decision to remove the metal is made based 
upon the intensity of the reaction. External 
fixators and K-wires are always completely 
removed due to the danger of secondary dis- 
placement or migration, as well as pin-track 
infection. 


When additional surgery is indicated (e.g., 
arthrolysis, tenolysis, neurolysis, scar revision), 
the implants may be removed at the same time 
if fracture healing is complete. 


5.1 Timing of implant 
removal 


When implant removal is indicated, timing is 
determined by the location of the fracture and 
the character of the implant(s) employed. The 
implants are usually left in place at least 1-2 
years, during which time the progress of frac- 
ture healing is monitored on an ongoing basis. 
X-rays have to show complete fracture healing. 

Following removal, given appropriate soft- 
tissue healing, full function and weight bearing 
may be resumed in a few days. 

After removal of large plates, contact sports 
and heavy physical work should be postponed 
for at least 2-4 months. Thereafter and possibly 
after another x-ray control, fracture healing 
may be considered complete. 
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Acute infection 


Peter E. Ochsner © Urs Müller 


1 Introduction 


Acute infections after osteosynthesis are 
generally exogenous, i.e., infections due to 
a contamination with bacteria from out- 
side the body. Contamination occurs from the 
trauma itself (open fracture), during osteo- 
synthesis, or after osteosynthesis in case of 
disturbed wound healing. In theory, a hemato- 
genous infection after ORIF is possible but pro- 
bably very rare. 

In contrast to the acute hematogenous osteo- 
myelitis of adolescence, acute posttraumatic 
infection always involves an area already injured 
by trauma and/or an operation (Fig. 6.1-1-3). 
Once established in areas surrounding necrotic 
bone, the infection may become chronic. The 
treatment of posttraumatic osteomyelitis 
must, therefore, always be operative and 
aggressive, with antibiotics playing an 
adjuvant role only. The administration of anti- 
biotics alone in the absence of a clear diagnosis 
will lead to chronic and neglected osteomyelitis. 


2 Definitions 


2.1 Early/delayed first 


manifestations of 
infection 


The time of contamination can only be esti- 
mated, but the time of the first manifestation 
is ascertainable. This is the moment at which an 
infection is diagnosed on the basis of bacterio- 
logical and clinical or histological findings. 
Willenegger and Roth [1], therefore, classified 
posttraumatic infections as those which were 
early first manifestations (less than 2 weeks) and 
those which were delayed (more than 2 weeks). 
Late first manifestations, according to this 
definition, are infections appearing after the 
tenth week. They do not differ greatly in their 
prognosis from delayed manifestations and 
therefore will not be treated separately in this 
chapter. The term first manifestation does not 
define the time of contamination, which may 
precede the first manifestation by days, months, 
or even years. Not all early first manifestations 
present themselves as acute infections. Occa- 
sionally, progression is slow—chronic, one 
might say—from the outset. 


Acute infections after osteo- 
synthesis are generally exoge- 
nous, i.e., infections due to a 
contamination with bacteria 
from outside the body. 


The treatment of posttraumatic 
osteomyelitis must always be 
operative and aggressive, with 
antibiotics playing an adjuvant 
role only. 
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In delayed first manifestation, 
the outbreak is preceded by an 
insidious hidden infection, 
possibly masked by non- 
specific antibiotics. 


Bacteria, such as staphylococci, 
can adhere particularly well to 
the implant surface, where 
they are protected from 
antibiotics. 
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2.2 Early first 
manifestations 
(less than 2 weeks) 


Early first manifestation of an acute infection is 
characterized by clinical symptoms and 
pathological laboratory values within the first 
2 wecks. Infection must, therefore, be clearly 
distinguished from disturbance of wound 
healing, necrosis of the wound edges, and post- 
traumatic/postoperative hematoma. 
¢ Disturbance of wound healing: 
Delayed wound closure generally goes 
hand-in-hand with local contamina- 
tion. As long as the body is able to 
maintain its defense mechanisms, the 
clinical signs of infection, such as fever, 
swelling, and pain, will be absent and 
the laboratory values will remain 
normal (leukocytes, CRP). Healing may 
occur slowly with antiseptic dressing 
(section 5.1.2, Fig. 6.1-6) and without 
antibiotics. 
¢ Wound edge necrosis: Devitalized 
wound edges become necrotic and as a 
rule local excision, antiseptic dressing, 
and depending on the extent, split skin 
grafting will bring about healing. 
¢ Wound hematoma: Any localized 
hematoma provides a suitable medium 
for infection. If there is liquification or 
suture dehiscence, there is a risk of 
exogenous contamination. Painful or 
fluctuating hematomas require imme- 
diate operation with bacteriological 
investigation and thorough drainage 
and débridement. 
All these wound complications can evolve into 
an acute infection if not cared for in an appro- 
priate way. However, healing can be achieved 
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by relatively simple means within a relatively 
short period. We do not recommend the term 
superficial wound infection, which is often used 
to refer to milder forms of infection. 


2.3 Delayed/late first 
manifestations of 
infection 
(more than 2 weeks) 


In the case of delayed first manifestation, 
the outbreak of infection is preceded by an 
insidious hidden infection that has spread 
unnoticed by the patient and all those 
treating him, possibly masked by the ad- 
ministration of non-specific antibiotics. 
There are certain bacteria (e.g., coagulase nega- 
tive staphylococci) which are responsible for 
this sort of slow development, while occasion- 
ally, delayed contamination may occur. As a 
rule, it can be assumed that the infection has 
already established itself in a larger area of 
bone, requiring lengthier treatment and more 
radical intervention in order to achieve healing. 


2.4 Additional essential 
definitions 


Within the framework of infection after osteo- 
synthesis the following terms appear crucial: 
¢ Implant-related infections: If an in- 

fection gets in contact with an implant, 
bacteria such as staphylococci can 
adhere particularly well to the im- 
plant surface, where they are pro- 
tected from antibiotics. Such infec- 
tions, therefore, may flare up once the 
antibiotic treatment has been dis- 


continued. Only a few antibiotics (e.g., 
rifampicin) or antiseptics are capable of 
destroying bacteria attached to the sur- 
face of an implant [2]. 

¢ Osteomyelitis: Infections can easily 
colonize necrotic bone. In the empty 
Haversian canals or osteocyte cavities, 
bacteria can evade the endogenous 
defense mechanisms, since these need 
a certain amount of space to build up a 
defense barrier. The body can only 
eliminate infection by increased 
bone resorption and remodeling of 
vital areas. As soon as a loose bone frag- 
ment has become a sequestrum there is 
little chance of complete resorption; 
such a dead fragment can only be reject- 
ed by fistulation. All defense mechanisms 
against infection are more successful 
within the bone marrow than in cortical 
bone. Cierny et al. [3] based their classi- 
fication of osteomyelitis in adults on 
their knowledge of the major importance 
of bone necrosis and the more favorable 
prognosis for medullary infections. They 
differentiate type I (medullary osteo- 
myelitis), type II (superficial osteomyeli- 
tis), type III (localized osteomyelitis) (see 
Fig. 6.3-2), and type IV (diffuse osteo- 
myelitis). When considering exogenous, 
posttraumatic osteomyelitis, we prefer 
the definition in relation to the fracture 
fixation technique [4] (section 3.2) since 
it is of greater importance when select- 
ing the appropriate treatment. 

e Chronic osteomyelitis: This insidious 
condition can be diagnosed by its clin- 
ically slow progression and by specific 
histology with a more lymphoplasmo- 
cytic picture. The infection is chronic 
from the start in some cases. 


e Neglected osteomyelitis: Untreated 
osteomyelitis may develop into pro- 
tracted situations, characterized by 
chronic fistulization and chronic pain, 
which are difficult to treat. If the 
bacterial colonization persists, any 
treatment may be inadequate. 

e Infective arthritis: Rapid recognition 
and immediate treatment of infective 
arthritis are decisive for its prognosis 
(Fig. 6.1-8). Late diagnosis and treat- 
ment, combined with even a slight 
malalignment of the articular surface, 
very soon lead to severe degenerative 
changes in the joint. Prompt revision of 
an adjacent osteomyelitis, on the other 
hand, contributes to the prevention of 
infective arthritis (Fig. 6.1-7). 


3 } Patients at risk 


3.1 Extent of bone and soft- 
tissue damage in open 
and closed fractures 


Direct injuries to a limb lead to extensive closed 
or open soft-tissue damage. This, in turn, carries 
a greater risk of soft-tissue and bone necrosis, 
on the one hand, and of contamination with 
pathogenic organisms on the other. The more 
extensive the damage to bone, the greater the 
risk of local bone necrosis and contamination 
when osteosynthesis is performed (Fig. 6.1-1a). 
Open fractures are particularly susceptible to 
infection (chapter 5.1). The analysis of a large 
consecutive series of ORIF recorded by the AO 
documentation from 1980-1988 disclosed an 
infection risk for closed fractures of 1.9%, for 
all open fractures of 6.2%, for III? open fractures 
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The body can only eliminate 
infection by increased bone 
resorption and remodeling of 
vital areas. 
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of 10.2% [5]. In a prospective study by Gustilo 
of 303 open fractures, infection occurred in I8 
MIB open fractures, corresponding to 44% of 
open segmental fractures with periosteal strip- 
ping and fragmentation of the bone [6]. b 


3.2 Technique of fracture 
fixation c 


In general, it is important that the surgical 
approach for osteosynthesis be as direct as pos- 

sible. However, bruised or open cutaneous areas 

must be carefully considered as potential risks a 
(chapters 1.4 and 5.1). Vital muscle and peri- 
osteum must be preserved and left in contact 

with the bone as far as possible. Furthermore, 

every fracture fixation technique is associated 

with its own particular risk factors [4]. The 
subsequent paragraphs describe osteomyelitis d 
related to pin tracks in external fixation, plates, 

and to intramedullary nails. 


Fig.6.1-1: Complex fracture, pin-track 
3.2.1 Pin-track osteomyelitis osteomyelitis: 
a) In complex fractures caused by 
direct trauma, we may find: 1) 


(Fig. 6.1-1) devitalized margins of the main 
fragments; 2) devitalized intermediate 

Heat necrosis of cortical bone occurs after drilling fragments; and 3) partially vital 

with blunt drill bits or K-wires at excessive speed intermediate fragments still attached 


to the periosteum. 
b) Reaming at excessively high speeds 
or with blunt drill bits produces heat 


and power. Necrotic bone areas may also result 
from forced insertion of Schanz screws or 


Steinmann pins into inadequate holes or without necrosis in cortical bone. 
predrilling (Fig. 6.1-1b—-d). Necrotic fragments in ©) Insertion of the Schanz screws or 
the form of ring sequestra provide an excellent Steinmann pins with inadequate or no 


predrilling produces considerable heat 


medium for bacteria, which migrate along the : 3 
and small, necrotic fragments, or ring 


percutaneously inserted implant into the wound. 


š z sequestra. 
Bone resorption around the implant can be seen d) Correct predrilling, correct place- 
on x-rays when the screw, pin, or nail becomes ment of the Schanz screw. 


loose. Occasionally, chronic osteomyelitis reaching 
into the medullary canal may develop. 


3.2.2 Osteomyelitis in plating 
(Fig. 6.1-2) 


Even after correct application of a plate and 
preservation of the periosteum, devascularized 
areas will result at the interface between plate 
and bone. This circumscribed bone necrosis will 
be remodeled by “creeping substitution”. When 
tissue handling during exposure and fracture 
reduction is poor, with unnecessary periosteal 
stripping of the fracture focus, additional dam- 
age to the vascularity of bone fragments will 
occur. If a contamination leads to infection, this 
will spread along the surfaces of implants and 
exposed bone, especially if instability develops. 
Necrotic and infected bone fragments will 
eventually be demarcated and sequestrated, 
with further loss of stability. 

Subcutaneous and submuscular plate fixa- 
tions produce different clinical symptoms when 
infection is present. Infection after subcutan- 
eous plating may develop in case of disturbed 
wound healing, skin breakdown, hematoma, 
etc. Clinical diagnosis can and should be made 
early, while the implant may become exposed 
more easily. In case of submuscular or subfascial 
plate position (e.g., femur) an infection is often 
recognized late, as clinical signs are rarely apparent 
except for pain and fever. Ultrasound may help to 
detect fluid, which can then be aspirated for culture. 


3.2.3 Osteomyelitis after 
intramedullary nailing 
(Fig. 6.1-3) 
Both unreamed and, even more so, reamed 


nailing lead to partial necrosis of the most 
central parts of the cortex [7]. However, the 


aii 


Fig. 6.1-2: Osteomyelitis after plating. 
Example: Tibial shaft fracture 42-B 
extending into the joint, correctly 
fixed with two 3.5 mm lag screws 
and 9-hole LC-DCP 4.5 without 
stripping the periosteum. An 
infection spreads along the implants 
and has its focus 

a) in the devitalized butterfly 
fragment, 

b) in local areas of devascularized 
bone under the plate, 

c) in areas resulting from incorrect 
drilling, 

d) in empty drill holes. 


Both unreamed and reamed 
nailing lead to partial necrosis 
of the most central parts of the 
cortex. 
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periosteal blood supply remains in great part 
intact and contributes to cortical remodeling 
and fracture healing. Even if an infection spreads 
along the entire implant and medullary canal, 
periosteal bony bridging by external callus can 
be expected in many instances (Fig. 6.1-9). In 
nailing without reaming, cortical necrosis is less 
extensive than after reaming, but the bore dust 
which possibly promotes bone bridging is 
missing. In “open” nailing with surgical expo- 
sure of the fracture focus, additional periosteal 
stripping, loss of bone dust, and potential 
contamination must be taken into account. 
These are reasons to avoid open nailing when- 
ever possible. Dull reamers and too large 
diameters may lead to heat necrosis and to 
obstruction of the Haversian canals. Dead bone 
prevents normal fracture healing and in case of 
infection may lead to an infected non-union 
which is especially hard to salvage [8, 9]. 


3.3 General and local risk 


factors 
The risk of an infection is increased by various Fig. 6.1-3: Osteomyelitis after intra- 
factors, both general and local [10]. Local factors medullary nailing. 


Example: Complex femur fracture 
stabilized by a closed, reamed, and 
locked intramedullary nail. This results 


include venous stasis, occlusive arterial disease, 
extensive scarring, infectious skin lesions, neuro- 


pathy, chronic lymphatic edema, vasculitis, and in: 
radiation fibrosis. General factors include dia- a) Devascularized inner cortex after 
betes mellitus, renal and liver failure, chronic reaming. 


hypoxia, autoimmune diseases, malignancy, old E dust mixed With fracture 


age, immunosuppressive treatment, agranulo- c) Fracture fragments partially stripped 

cytosis, AIDS, and abuse of nicotine, alcohol, from periosteum. 

and drugs. d) An infection spreads along the nail 
within the medullary cavity. Periosteal 
fracture healing by bridging callus 
formation is likely to occur despite 
infection. 


4 Diagnosis of an acute 
infection 


4.1 Clinical and laboratory 
findings 


Clinical symptoms (redness, pain, fever) and 
laboratory findings (leukocyte count, CRP) often 
lead directly to the diagnosis. More frequently, 
however, and in spite of obvious local symptoms, 
there are no corresponding laboratory findings 
to support the clinical signs, which delays 
correct decision making (Fig. 6.1-6-9). Every 
surgeon has a tendency to underestimate 
unfavorable findings in his own cases. More 
experienced colleagues should, therefore, be 
consulted and, if there is real doubt, the wound 
should be revised. 

Exceptionaly, an acute posttraumatic infec- 
tion may develop into septicemia. Such a life- 
threatening situation must be dealt with 
aggressively, given that any metallic foreign 
body may be the focus. 


4.2 Imaging procedures 


In early first manifestation of an infection, 
imaging procedures play a minor role. However, 
faced with delayed first manifestations, there is 
a need to assess the extent to which the in- 
fection had already affected the bone or healing 
process of the fracture before symptoms became 
apparent. Accumulations of fluid (hematoma, 
seroma, abscess) are easily identified by ultra- 
sound. The method is non-invasive, and 
reaches the deeper layers, especially of the 
thigh. Standard x-rays remain the most impor- 
tant source of information, as MRI and CT 


rarely provide more information in the early 
stage. Widening of the fracture gap as an indica- 
tion of bone resorption, as well as loosening of 
implants, are signs of instability, possibly due to 
infection, while a lack of periosteal new bone 
formation may be a sign of absence of blood 
supply to bone and surrounding tissues. It is 
particularly important to identify the progress 
of bony bridging on one side and infection on 
the other (Fig. 6.1-9). Three-phase skeletal scinti- 
graphy with technetium 99 may be of help in 
recognizing large areas of bone necrosis [10]. 

The size of acutely infected areas can be 
defined by infection scintigraphy with the 
patient’s granulocytes labeled with indium or 
labeled antibodies against granulocytes [11]. 
Scintigraphic investigations are, however, 
reserved mainly for subacute cases. Since 
infection scintigraphy is based on labeling of 
granulocytes, chronic osteomyelitis may pro- 
duce false negative results. Furthermore, with 
this method, hematogenic bone marrow is also 
displayed because of the labeled antibodies, 
leading to overshadowing. 


4.3 Bacteriology and 
histology 


In acute infection, the decision for surgical 
revision is generally taken without waiting for 
bacteriological evaluation. Adjuvant antibiotic 
treatment is started empirically and modified 
once the results of culture tests have been 
received (section 5.3.1). We recommend that 
the bacteriological tests be based not only 
on liquid or aspirates (Video 6.1-1, Video 6.1-2) 
but also on specimens of tissue (blocks of 
5-10 mm) from several infected sites (Video 
6.1-3, Video 6.1-4, Video 6.1-5, Video 6.1-6). 


Bacteriology must include 
tissue samples from several 
sites. 
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Anaerobic pathogens will thereby be included 
[10]. Be aware of swabs taken from wound 
secretions, as they often include bacteria not 
responsible for the infection (e.g., Pseudomonas 
aerugoinosa). The most important bacteria 
responsible for posttraumatic infection are 
staphylococci. In protracted infections other 
pathogens may gain importance as a result of 
additional contamination from outside. The 
histological investigation of soft-tissue speci- 
mens has two objectives. If the bacteriological 
evaluation is negative, it is highly likely that a 

bacteriological etiology for the infection will qi 


Video 6.1-3 


_ 


Let Air out 


Tia Video 6.1-1 Tie Video 6.1-4 


a Video 6.1-2 T Video 6.1-5 


g Video 6.1-6 


nonetheless be found. Furthermore, it is pos- 
sible to determine histologically whether the 
acute infection is recent or has developed from 
a chronic infection. 

The histological analysis of bone specimens 
is complex, takes long (decalcification), and has 
mainly scientific significance [12]. 


5 Treatment components 


As a rule, an infection can be successfully treated 
by simple means if first manifestations appear 
early. However, if there are delayed first mani- 
festations and the sequelae of infection on the 
bone are already apparent radiographically, 
more complex forms of treatment will be 
necessary for effective infection control and 
ultimate fracture healing. 


5.1 Simple procedures 


5.1.1 Débridement 

Débridement consists of thorough remov- 
al of hematoma and necrotic soft tissue 
(wound margins, subcutaneous and mus- 
cular tissue), as well as dead bone splinters 
and sequestra, and excessive granulation 
tissue. Tissue specimens are taken from multiple 
sites and sent for bacteriological and histological 
investigation (section 4.3). 


5.1.2 Open wound treatment 


Open wound treatment is particularly reliable, 
but rather slow. It prevents abscess formation 
and permits easy—even bedside—wound revi- 
sion. 

Antiseptic dressings reduce super-infection 
from outside, for example, in the case of an 
exposed, but stable plate (Fig. 6.1-6). A cannula 
is placed into the deepest part of the wound, 
which is irrigated four to five times a day with 
a tissue-compatible antiseptic solution, for 
example, Lavasept® (section 5.3.2). The dressing 
is changed once a day. Well granulating wound 
areas are covered with mesh graft or a rotation skin 
flap. Complete wound closure often occurs only 
after implant removal (Fig. 6.1-6). 


5.1.3 Closed wound treatment 


This is the more risky but more direct way to 
wound healing. Deep sutures should be omitted, 
however, and efficient drainage with several 
wide-bore drains is necessary (Fig. 6.1-4). In 
addition, an irrigation-suction drainage with 
Ringer’s solution or an antiseptic solution is 


Débridement must include 
removal of all dead tissue 
(hematoma, soft parts, and 
bone). 


Antiseptic dressings reduce 
super-infection from outside. 
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Fig. 6.1-4: Suture technique in infected wounds: 

Deep and thick monofil sutures (a) are used every 4-6 
cm to secure the skin (b) and the fascia (c). Additional 
skin sutures (d) are placed between the deep sutures. 


introduced for 2—4 days in order to prevent 
hematoma formation [13]. During irrigation- 
suction drainage, care must be taken that no 
retention of fluids occurs. This would require 
discontinuation of irrigation and sometimes 
even a revision. Some authors no longer irrigate 
and prefer non-resorbable or resorbable anti- 
biotic or antiseptic carriers to raise the level of 
antibacterial agents in the debrided area (genta- 
micin beads, resorbable collagen sponges with 
antibiotics) [14]. 


5.1.4 Implant removal 
As long as an implant provides stable fixation, 


for example, even an exposed plate, fracture 
healing can take place despite the presence of 
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a metallic foreign body, which should only be 
removed once bony bridging has occured. If, 
however, implants have become loose, they must 
be removed and replaced by another form of 
fixation, such as an external fixator (Fig. 6.1-9), 
a plaster cast, or an orthotic device, to provide 
stability which is necessary for further fracture 
and soft-tissue healing. 


5.1.5 Arthroscopic joint irrigation 
in septic arthritis 


At the slightest suspicion of septic arthritis, joint 
aspiration or better, arthroscopy should be per- 
formed to evaluate the involvement of the joint. 
Synovitis alone can be managed by antibiotic 
treatment (section 5.3.1). Depending on the 
severity of fibrinous deposits, arthrosopic or 
open synovectomy may be indicated. In case of 
clear infection arthroscopic irrigation should be 
performed repeatedly (every 2 days) [15]. In 
severe arthritis, arthrodesis or joint resection 
may be unavoidable. 


5.2 Complex measures 


In the absence of bony bridging, a change of the 
fixation technique must be considered, usually 
to an external fixator. This may be combined 
with an additional procedure on bone (débride- 
ment, decortication, cancellous bone grafting). 
All necrotic tissue must be resected. If the 
resulting defect is large and segmental, callus 
distraction (as described by Ilizarov—see 
chapter 6.3) or bridging by a vascularized bone 
graft may be necessary (chapter 5.2). Options for 
soft-tissue coverage are discussed in chapter 5.2. 
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5.2.1 Reaming of the medullary 
cavity 


In case of infection of the medullary cavity, 
reaming of the canal is based on the assumption 
that there are areas of necrotic bone within the 
diaphysis (Fig. 6.1-5) which can be debrided and 
cleared from infection (Video 6.1-7). After nail 
removal, a distal opening is created to allow the 
debris from reaming and flushing to escape. A 
chain of gentamicin-PMMA-beads is inserted 
into the canal after it has been reamed to a 
diameter 2-3 mm larger than the removed nail. 
The PMMA-chain is removed after 10 days. In 
chronic infections, reaming must generally be 
even more radical [16]. 


Fig. 6.1-5: Reaming of the medullary canal in chronic 
infection after nailing. Reaming of the medullary canal (a) aa 
leaves behind isolated necrotic areas of bone (b) which r 
are partially sequestrated (c). The original cortex has 

been infiltrated by periosteal and endosteal bone 

regenerates (d). An intramedullary fistula has formed (e), ar Video 6.1-7 
which often spreads distally to form an abscess. In order 

to ream the medullary canal, it is opened from the 

proximal to the distal ends (f). If the central tunneling 

procedure is not entirely successful, a lateral window (g) 

is created. The aim of creating an ample reaming canal 

(h) supported by the thickened periosteum is to ensure 

that all necrotic fragments are removed. Overflow 

drainage without suction (i) is left in for a few days and a 

gentamicin-PMMA-chain (k) for 10 days. 
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In posttraumatic osteomyelitis, 
antibiotics and antiseptics 
should only be considered as a 
useful supplement to radical 
operative intervention. 


6.1 


5.3 The use of antibiotics 
and antiseptics 


(see chapter 5.5) 


In posttraumatic osteomyelitis, antibiotics 
and antiseptics should only be considered 
as a useful supplement to radical opera- 
tive intervention. 


5.3.1 Antibiotics 

Treatment with antibiotics is started, both thera- 
peutically and as prophylaxis, during anesthesia 
(chapter 5.5). This does not prevent the intra- 
operative recovery of specimens for bacterio- 
logy. When the pathogens are unknown, it is 
recommended that treatment with a broad 
spectrum antibiotic starts preoperatively. This is 
later replaced by a specific antibiotic according 
to the sensitivity tests. Once started, treatment 
should be maintained for 6-12 weeks if the 
fracture is to consolidate with the implants in 
situ. Parenteral administration seems manda- 
tory for the first 2-3 weeks for most antibiotics. 
Sometimes a port-a-cath implantation may 
facilitate intravenous application [17]. 

To be effective, antibiotics must be taken 
regularly and in adequate doses; only then is a 
sufficiently high concentration of antibiotics 
obtained in bone. The normalization of the CRP 
during treatment seems to confirm the effec- 
tiveness of the drug. 

Implant-related infections: Staphylococci, 
in particular, once they have adhered to the sur- 
face of an implant, are able to survive in spite 
of appropriately chosen antibiotics. Currently, 
rifampicin is the only drug which will eliminate 
these pathogens at concentrations tolerable to 
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the body. However, because of the danger of 
increased resistance, rifampicin may only be 
given in combination with other drugs, for ex- 
ample, ciprofloxacin. The efficacy of rifampicin 
has been demonstrated in a randomized study 
[2] (chapter 5.5). 


5.3.2 Antiseptics 


Antiseptics (originally carbolic spray) paved the 
way for modern surgery and their bactericidal 
properties are still indispensible for disinfecting 
surgeons’ hands (alcohol, iodine preparations, 
chlorhexidine, etc.). These agents cannot be 
considered for treatment of the open wound or 
bone because of their tissue toxicity. Lavasept®, 
as a combination of a biguanide with poly- 
ethylglycol in aqueous solution, introduced by 
Willenegger and Good [18], has bactericidal pro- 
perties without being toxic to soft tissue. It is 
used intraoperatively for prophylactic irrigation, 
except in joints. The bactericidal properties 
which alter the cell membrane have been proven 
for Lavasept®, even at very low concentrations. 
The substance is hardly resorbed because of the 
size of its molecules and only remains active on 
the surface. A local compromise is achieved 
with the antiseptic dressing, while a super- 
infection with new pathogens can be prevented. 
Clinical observations show the undisturbed de- 
velopment of healthy granulations which soon 
lend themselves to simple coverage with mesh 
grafts. The use of antiseptics intra-articularily is 
contraindicated, since the cells most capable of 
regeneration lie mainly on the surface. It is 
particularly important to note that serum 
albumins do not diminish the effect of 
Lavasept®, whereas they counteract the effect 
of iodine preparations within a short time. 
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Fig. 6.1-6: Delayed first manifestation after subcutaneous 
plating: 

a/b) Plate osteosynthesis of a multifragmentary malleolar 
fracture of the fibula type 44-B1.2. 

d) Day 21: Infection with staphylococcus aureus—leuko- 
cytes 18,500, CRP < 5. e) Débridement and antiseptic 


dressing of the open wound. A cannula was inserted per- 


cutaneously to the deepest point of the infected region. 
Irrigation four to five times a day with an anti-septic 
(Lavasept®) via the cannula to keep the wound moist. 
IV-cefazolin for 1 week, then ciprofloxacin for 4 weeks. 
f) Plate removal after 6 weeks, uneventful wound healing. 
c/g) One year follow-up: good functional result without 
osteoarthritis. 
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Fig. 6.1-7: Delayed first manifestation after a 
subcutaneous/submuscular plate osteosynthesis. 
a/b) 63-year-old female suffering from a 
lateral fracture of the tibial plateau 41-B3.1. 
c) Osteosynthesis on the same day. 

f) Disturbed wound healing and infection 
with coagulase-negative staphylococci. 

g) In spite of a normal CRP and in the 
absence of fever, a revision was performed 
on the twenty-fourth day. Débridement and 
open irrigation. Antibiotic treatment for 

2 months (rifampicin, trimethoprim, and 
sulfamethoxazole), followed by healing (h) 
within 6 weeks. 

d/e) One year after the operation, the patient 
was symptom-free. 


6 Treatment concept in 
typical cases 


6.1 Osteosynthesis in 
subcutaneous area 


Débridement and assessment of stability, 
open wound treatment and antiseptic dressing 
(Fig. 6.1-6), or partial coverage and open drai- 
nage in the presence of adequate soft tissues 
(Fig. 6.1-7 and Fig. 6.1-8) are possible with the 
help of a local flap. Implants are removed after 
6 (e.g., malleolar fractures) to 12 weeks (e.g., 
olecranon fractures). 


6.2 Plate osteosynthesis in 
submuscular position 


Débridement is accompanied by assessment of 
the stability of the plate fixation. In the absence 
of avital bone fragments, irrigation-suction drai- 
nage and wound closure are followed by anti- 
biotics for 6-12 weeks. Implant removal as soon 
as solid bridging of fracture is confirmed. For 
infected pseudoarthroses or large bone defects 
see chapter 6.3. 


6.3 Osteomyelitis after 
intramedullary nailing 


If there are signs of bridging on x-ray assess- 
ment, but stability is lacking, abscess drainage 
is followed by antibiotics until bridging is 
achieved. After nail removal and reaming of the 
medullary cavity, antibiotics are continued for 
another 6 weeks. In the absence of signs of 
bridging, nail and sequestra are removed and 


743 


reaming of the medullary cavity is followed by 
management as described in chapter 6.3. 


6.4 Pin-track osteomyelitis 
in the presence of an 
external fixator 


If there is suppuration along the Schanz screws, 
Steinmann pins, or transcutaneous wires, 
x-rays help to identify possible ring sequestra. 
The following regime is then followed: Remove 
or replace the implant, perform curettage, re- 
move sequestra, and rinse with antiseptics. 
Administer antibiotics only in cases of simul- 
taneous abscess revision and/or positive labora- 
tory findings. 


6.5 Concomitant arthritis 


If findings from immediate aspiration are posi- 
tive: bacteriology, arthroscopic joint revision, 
and antibiotics for 3-6 weeks. Repeated punc- 
tures every second day. After approximately 1 
week, repeat arthroscopy and re-assess the 
situation. 


7 Measures to prevent 


infections 
7.1 General measures 


The following measures help to prevent or re- 
duce the number of infections: 


e Regular disinfection of the hands with 
alcohol after every contact with a patient. 
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Fig. 6.1-8: Early first manifestation 
after plate osteosynthesis— 
posttraumatic arthritis. 

a) Distal humeral fracture 13-C3.1 
in an 83-year-old female with 
considerable osteoporosis. 

b/c) Osteosynthesis on the fifth 
day with V-shaped transection of 
the triceps tendon. Instability of 
one screw. 

d) Ten days later, pain, leukocytes 11,500, CRP 195. Débride- 
ment, joint closure, half-open irrigation. Staphylococcus 
aureus. Flucloxacillin introduced parenterally for 3 weeks, 
finally ciprofloxacin for 2 months. 

e) Alleviation of the situation after 10 days. 

f) After 2 years, obvious osteoarthritis, para-articular 
ossification and extension deficit. Despite arthrolysis at 
implant removal, flexion/extension remained at only 
85-35-0, a condition arising from the combination of a 
comminuted fracture and posttraumatic arthritis. 


Fig. 6.1-9: Osteomyelitis after intramedullary nailing. 

Delayed first manifestation after 12 weeks. 

a) Simple oblique fracture of the tibia, type 42-A2.2, after being 
hit by a falling trunk. 

b) Fixation with a reamed universal nail, dynamically locked. 
g) Temporary redness after about 9 weeks. 

h) After 12 weeks, abscess formation and pain. 

c) Radiologically, extensive callus bridging. 

d) Nail removal, reaming of the medullary cavity (see Fig. 6.1-5) 
to 13.5 mm, external fixator and abscess revision (Staphylococcus 
epidermidis). Parenteral introduction of flucloxacillin for 2 
weeks, clindamicin orally for 4 weeks, full weight bearing. 

e) After 8 weeks external fixator about to be removed. 

f/i) Two-year follow-up, patient working full-time as a laborer. 
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e Gloves must be worn to remove dres- 
sings; all dressings are disposed in 
separate bags. For further wound care 
etc., sterile gloves should be used. 

¢ Dressings of secreting wounds should 
be so thick that the secretions do not 
penetrate. Otherwise, changes of such 
dressings have to occur more often. 


7.2 Septic patients on the 
ward 


Septic patients on the ward should be cared for 
in separate rooms that are thoroughly disin- 
fected every time a patient is discharged from 
hospital. 


7.3 Septic patients in the 
operating theater 


Operations are performed in an operating thea- 
ter reserved for this purpose or in a specially 
prepared room. 

Barrier: The room is separated by a special 
barrier or warning sign. Inside, specially labeled 
shoes are worn and all waste, including dis- 
posable gowns, are handled separately. 

At the end of the operation: The surgical 
team changes and leaves all potentially contam- 
inated gear in the theater. The entire empty 
room is finally disinfected. 
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7.4 MRSA (methicillin- 
resistant staphylococci) 
and other problem 
pathogens 


If MRSA is suspected or identified, a patient 
must be completely isolated in a separate room 
for the entire period of treatment or until bacte- 
riology is negative. Nursing staff and visitors 
entering the room must wear masks, hospital 
gowns, gloves, and special slippers. Instruments 
must be handled according to special instruc- 
tions and all potentially contaminated gear, 
linen, etc. must be handled separately as well. 
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9 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/61.htm 
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Aseptic non-union 


Michael D. McKee 


1 Introduction 


Failure of a fracture to heal prolongs the 
patient’s disability and may have a greater 
negative impact on the quality of life than renal 
dialysis or ischemic heart disease [1]. Prompt 
attention to problems with healing will not 
only impact positively on the patient’s life but 
will also decrease the potential for implant 
failure. 

Delayed union occurs when a fracture heals 
more slowly than clinically expected for the site 
and the type of fracture in question. Non-union 
occurs when a fracture has ceased to show any 
evidence of healing, as indicated by persistent 
fracture lines, sclerosis at the fracture ends, a 
gap, and hypertrophic or absent callus. Unless 
there is bone loss, a non-union is usually de- 
clared between 6-8 months after the fracture. 
Since the “natural history” of most fractures is 
to heal, the treating surgeon must first consider 
why a delay has occurred. Failure of a fracture 
to unite is usually the result of a number of 
factors. Although any single one may predomi- 
nate, delayed or non-union is often multi- 
factorial in nature [2]. A careful investigation 
prior to surgical intervention will often reveal 
the solution to the problem [3]. 


2 Etiology of aseptic 
non-union 


Whereas disturbed vascularity and insta- 
bility are the most important factors 
leading to a non-union, others such as non- 
compliance and neuropathies may inhibit 
healing. Infection as a cause of non-union is 
dealt with in chapter 6.3. 


2.1 Vascularity 


All fractures disrupt the blood supply to the 
bone and soft tissue to some degree; the greater 
the energy, the greater the disruption. The 
location of the fracture, particularly if one 
fracture fragment gets its blood supply from an 
end artery (e.g., femoral head) is determinant. 
Surgical treatment may cause further vascular 
disruption. While it is still possible for a fracture 
that has one avascular or poorly vascularized 
segment to unite, it does so much more slowly 
than normal and may sometimes not do so at 
all. If both fragments are avascular, the fracture 
will most probably not unite. No amount of 
surgical manipulation of the mechanical envi- 
ronment will promote union unless either 
remodeling of the necrotic bone area or appo- 


Disturbed vascularity and/or 
instability lead to aseptic non- 
union. 


Delayed unions and non- 
unions have a multifactorial 
background. 
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In delayed union there are 
clinical and radiological signs 
of prolonged fracture healing. 


sition of newly formed periosteal bone restores 
the local vascularity (see Fig. 6.2-4). 


2.2 Instability 


Plating of simple or wedge fractures without 
interfragmentary compression will lead to local 
instability and bone resorption at the fracture 
site. In such a situation, the plate will inhibit 
mechanical contact and healing between the 
fragments unless fatigue fracture of the plate 
occurs. In complex fractures fixed by plate or 
nail, most of the fragments may unite, leaving 
one fracture plane not united. It is a general 
phenomenon that a non-union is always lim- 
ited to one plane of mechanical instability 
regardless of the classification of the original 
fracture and the initial treatment. 


2.3 Non-compliance 


It is the responsibility of the treating orthopedic 
surgeon to ensure that the care plan is com- 
patible with the patient’s personality and life 
style. The patient and surgeon must work 
cooperatively to assure the outcome. Inappro- 
priate weight bearing, smoking, improper diet, 
and other shortcomings in behavior should be 
addressed [4] or taken into account when man- 
agement is being planned. 


2.4 Neuropathy 


There appears to be a relationship between 
fracture healing and appropriate neurological 
function of the extremity. Diabetes, paraplegia, 
chronic alcoholism, spina bifida, syringomyelia, 
and leprosy may effect protective proprio- 
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ception, thereby limiting the ability of the 
patient to control weight bearing. Extensive soft- 
tissue damage of the affected area may lead to 
a loss of sensibility, compromising the already 
impaired healing response. 


3 Classification and 
principles of treatment 
of non-union 


The classification scheme described here is a 
well-established, straightforward description 
that guides the surgeon toward the most ap- 
propriate treatment strategy. Therefore, both 
the definition and the guidelines for treatment 
are mentioned within the same paragraph. 


3.1 Delayed union 
(Fig. 6.2-1) 


Delayed union describes the situation where 
there are distinct clinical and radiological 
signs of prolonged fracture healing time. It 
is important to recognize the diagnosis of 
delayed union so that additional effort can be 
aimed at achieving fracture healing as fast as 
possible. Clinically, the fractured limb presents 
with local swelling, redness, and warmth, while 
mobilization or partial] weight bearing is pain- 
ful. Laboratory values such as ESR, C-reactive 
protein (CRP), and leukocyte counts are normal. 
The x-rays may show loosening of the implant. 
If the aim of the fracture fixation was absolute 
stability, then widening of the fracture gap and 
callus formation (“irritation callus”) are signs of 
impending failure of fixation (Fig. 6.2-1). 


Fig. 6.2-1: Delayed union in a 19-year-old male. 
a) Direct trauma in a motorcycle accident. Closed tibial fracture type 42-B2. 

b) Neutralization plate with an interfragmentary lag screw of questionable value. 

c) After 2 months pain, swelling, redness. Loosening of lag screw, widening of the fracture gap, and irritation callus. 
Decision for operative revision with decortication and compression plating. 


The initial phase of treatment may be non- 
operative. Reducing the mechanical stress 
across the fracture site by decreasing weight 
bearing or applying a plaster cast for 6 weeks 
may direct the local response towards fracture 
healing. Repeated x-rays at 3-6 week intervals 
showing progression of healing are indicative of 
successful non-operative management. If 
during this phase there are signs of implant 
failure or a lack of healing response, then the 
treatment should be changed to an operative 
intervention. The patient should be forewarned 
about the possible need for an intervention 
whenever a delayed union is diagnosed. The 
type of operative intervention will depend on 
the etiology of the healing delay and the type 
and function of the existing fixation construct. 


3.2 Diaphyseal non-union 


3.2.1 Hypertrophic non-union 
(Fig. 6.2-2) 


Hypertrophic non-union is frequently lo- 
calized in the lower extremities. Its devel- 
opment largely depends on an impaired 
mechanical stability. In well vascularized 
tissue, instability leads to local detachments of 
the periosteum, provoking additional new bone 
formation. Although the fracture is ready to 
unite, there is insufficient mechanical stability 
for the non-union to consolidate. The degree of 
instability may be such that the patient can use 
his leg but suffers pain when fatigued. In other 


Hypertrophic non-union 
usually lacks stability. 
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Mechanical stability allows the 
fibrous cartilage to calcify and 
finally ossify after vascular 
penetration. 


Fig. 6.2-2: Well vascularized 

vital non-unions: All patterned 
areas mean vascularized bone, 
black = original cortex, red = at 
the moment of non-union. 

a) Hypertrophic non-union 
(elephant foot), usually 
associated with some stability 
and mechanical irritation leading 
to excessive new bone formation. 
b) Hypertrophic non-union 
(horse hoof), less prominent new 
bone formation in a less stable 
situation (see also Fig. 6.2-3). 

c) Atrophic non-union. Due to 
marked instability there is 
resorption of original bone 
cortex leading to rounded ends. 
© = bone resorption 
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Fig. 6.2-3: Hypertrophic horse hoof non-union in a 
36-year-old male 19 years after being run over by a truck. 
a) Tibia 19 years after being fixed by intramedullary nail. 
Hypertrophic non-union with fatigue fracture of the nail. 
b) Resorption around the nail indicates motion. 
Consolidated fibula with bridge to distal tibia prevents 
healing of tibia. 


cases the patient may report constant pain 
when weight bearing and have some deformity 
(Fig. 6.2-3). According to the x-rays, either an 
elephant foot (Fig. 6.2-2a) or a horse’s hoof 
shape is described (Fig. 6.2-2b, Fig. 6.2-3). 

The most effective method of correcting a 
hypertrophic non-union is to improve the 
stability of the fracture site by compression 
plating or a reamed, locked intramedullary nail. 
Mechanical stability leads to a calcification 
of the fibrous cartilage which can only 
then be penetrated by new vessels, finally 
allowing bony bridging and remodeling of 
the non-union site [5]. Bone grafting is not 


usually necessary, although decortication (“shing- 
ling”) may speed-up union (see section 4.2.1, 
Decortication or osteoperiosteal petalling). Re- 
section of a hypertrophic non-union must 
be regarded as an error, since it removes 
bone tissue which is ready to bridge. 
Hypertrophic non-union may also be man- 
aged using other methods such as fibular osteo- 
tomy combined with a walking cast, encouraging 
impaction that may lead to union. Prolonged 
immobilization in a plaster cast combined with 
electromagnetic fields or ultrasound action may 
also be helpful (see section 4.5). However, the 
ability to correct deformity and accelerate 
union (healing within 3-5 months) upholds the 
operative method as the current “gold standard”. 


Fig. 6.2-4: Avascular/avital 
non-union. 

a) Situation immediately 
following complex fracture. The 
ted areas are devitalized. The 
dotted area remained viable. 
b) Months later, the two 
intermediate fragments appear 
to be attached by callus (red, 1) 
to each main fragment, but 
there is no evidence of healing 
in the center of the fracture. 

c) Even after years and and in 
spite of additional periosteal 
bone formation and some 
temodeling by creeping 
substitution (blue, 2) the non- 
union persists. 


c) 


3.2.2 Avascular/avital non-union 
with/without bone loss 


(Fig. 6.2-4) 


Avascular non-union originates in the 
devascularization of the bone fragments 
adjacent to the fracture site due to injury and/ 
or surgery. Avascular fragments may unite with 
vital bone elements, but unless additional 
measures are taken they will never unite with 
another avital fragment (Fig. 6.2-4b). Com- 
mencing at the vital main fragment, a re- 
modeling process will slowly begin to revitalize 
the necrotic bone areas (Fig. 6.2-4c). Simulta- 
neously, there may be an ongoing grinding 
process between the necrotic fragments at the 
non-union site leading to bone loss by re- 
sorption. Delay in recognition and treatment 
allows the abnormal remodeling process to 
result in shortening and osteopenia of the distal 


Avascular non-union originates 


in the devascularization of the 
bone fragments. 


Resecting a hypertrophic non- 
union is an error. 
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fragment due to non-use. This situation can be 
avoided by proper supervision during follow-up 
and prompt treatment. For the bone to heal, 
vital areas of contact must be created and 
mechanical stability must be provided. The 
treatment has to be planned according to the 
state of the local remodeling and the extent of 
the bone loss. Several options are available, 
including simple shortening, shortening com- 
bined with the shortening of the other limb, 
shortening with lengthening at a separate site 
(callus distraction see chapter 6.3), interposition 
of bone grafts (morcellized or structural), or a 
“bypass” as in a fibula-pro-tibia procedure (see 
section 4.2.1, Cancellous autograft). 


3.2.3 Atrophic non-union 
(see Fig. 6.2-2c) 


In the upper extremities, atrophic non-union 
can typically occur as a vascularized non-union. 
The two bone ends at the site of the non-union 
undergo atrophy due to the absence of any 
force-transmission. The atrophic non-union is 
characterized by a lack of bony response in spite 
of being vascularized. 

This situation requires not only stabilization 
but also the addition of bone-inducing and con- 
ductive agents. Taking account of the local 
vascularity, the appropriate approach to dealing 
with the situation is decortication and bone 
grafting together with stabilization (preferably 
with a plate). 


3.2.4 Pseudarthrosis 


Persistent motion at a fracture site may result 
in the formation of a false joint where a fibro- 
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cartilagenous cavity is lined with synovium 
producing synovial fluid. Such “synovial pseud- 
arthroses” are commonly seen in the humerus, 
femur, and tibia and are usually vital, although 
they may at times appear atrophic. As well as 
a synovial cavity they often have an axial and/ 
or rotational deformity. Corrective surgery 
consists of stabilization and correction of the 
deformity and possibly a bone graft (Fig. 6.2-5), 
as already outlined. 


3.3 Metaphyseal non-union 


Non-union in a diaphysis is different from non- 
union in a metaphysis in that it occurs in 
cancellous bone, usually with a small articular 
fragment, which may be difficult to fix and 
possibly also affected by osteoporosis (Fig. 6.2-6). 
Frequently, the only residual movement occurs 
in the non-union and not in the joint, so that 
any treatment must include a thorough arthro- 
lysis. Stiffness of the neighboring joint may or 
may not be prominent. The non-union is either 
extra-articular or intra-articular, separating the 
joint in two parts. 


4 Treatment procedures 


4.1 General remarks 


The primary objective in the treatment of a 
non-union is to eliminate pain and to achieve 
alignment by obtaining osseous consolidation 
as well as restoration of function of the injured 
limb. With the exception of non-unions with 
extensive bone loss or considerable areas of 
non-vital bone, consolidation can usually be 


achieved in one operative step, with full weight 
bearing in 4-5 months. A detailed analysis of 
every case and a close personal contact with the 
patient, especially during the postoperative 
period, are essential to avoid further com- 
plications. Special precautions have to be taken 
in the case of neurological deficits in order to 
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protect the patient from the consequences of 
inadvertent overuse (see section 2.4). As the rate 
of union achieved in most reported series of 
cases is over 95%, the operative reconstructive 
approach should generally be favored over 
more aggressive measures such as amputation, 
arthroplasty, or arthrodesis. 


fracture. 


Fig. 6.2-5: Pseudarthrosis. 

a) 49-year-old laborer working 100% in 
spite of an established pseudarthrosis 
of the left humerus for 15 years. 

b) After resection of the synovia, a large 
cancellous autograft was placed into 
the gap and stabilized by a 10-hole 
broad DCP 4.5. 

c) Full consolidation at 1 year follow-up 
with good function. 


Fig. 6.2-6: Atrophic non-union in the meta- 
physeal area in a 78-year-old female. 
a) Minimally displaced subcapital humeral 


b) Eight months later atrophic non-union, limited 
function, and some pain. 

c) Repair with T-plate and cancellous autograft 
plus tension banding using a resorbable cord. 

d) Full consolidation with unlimited function 
after 1 year. 
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4.2 Diaphyseal non-union 


The general guidelines for therapy of non-union 
have already been mentioned in section 3. In 
this section the details of the procedures are 
discussed. 


4.2.1 Bone reconstruction 


Bone reconstruction is only essential if there is 
a necrotic bone segment or a bone defect to be 
bridged. In cases where the viability of bone is 
questionable, reconstruction may be chosen as 


a precautionary measure. In the presence of a 
hypertrophic non-union, decortication may be 
indicated to add security (Fig. 6.2-7 and Fig. 6.2-9). 


Fig. 6.2-7: Musculo-periosteo-osteal decortication. 
a) In areas of non-union the vascularization of the 
external part of the diaphysis depends largely on 


; periosteal blood supply (green area). d) The area of decortication should extend 2-4 cm 
periosteum ae i : E : ; 
b/c) Decortication with a sharp osteotome creates into healthy bone distal and proximal to the necrotic 
ital b vascular periosteal bone fragments if they are kept area to be bridged. The cancellous autograft should 
ara D One large and well attached to the periosteum. be placed deep to the decorticated lamellae. 
vital bone muscle 
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Decortication or osteoperiosteal petalling 
(shingling) 


Decortication is the simplest and most effective 
way to expose a non-union without substantial 
devascularization. It expands the local cross- 
section of bone (Fig. 6.2-7 and Fig. 6.2-9) [6]. In 
a diaphyseal non-union site, the periosteum is 
tightly attached to the adjacent muscles and 
subperiosteal bone (Fig. 6.2-7a), which receives 
its vascular supply from the extraosseous tissues. 
Chiseling of bone pieces from the outer aspect 
of the diaphyseal cortex preserves the vascular 
supply to the peripheral cortical bone via 
periosteal and muscular attachments bridging 
the non-union (Fig. 6.2-7c/d and Fig. 6.2-9). 
This technique is used to enhance the heal- 
ing response, creating a well vascularized 
bed. Whenever a delayed union or non-union 
is approached from the periosteal side, this 
technique should be used to expose the site. It 
may be carried out circumferentially around 
the diaphysis to allow a correction of axial and 
rotational deformities without devascularizing 
the site. Shingling is of special help in atrophic 
and avascular non-union to provide a viable 
bed for the cancellous autograft. Decortication 
performed in the metaphyseal area may lead to 
some restriction of joint function. 


Cancellous autograft 
(Fig. 6.2-8) 


The cancellous autograft, often in combination 
with decortication, is the most effective means 
of bypassing a necrotic bone area or a relatively 
limited bony defect with a bridge of vital bone 
(Fig. 6.2-7). 


As “gold standard” for both biological 
and mechanical purposes, the autograft 
has the advantages of being osteogenic (a 
source of vital bone cells), osteoinductive 
(recruitment of local mesenchymal cells), 
and osteoconductive (scaffold for ingrowth 
of new bone). Biologically, it is far superior to 
allograft or currently available bone substitutes 
[7]. 

Cancellous bone graft is vascularized by the 
granulation tissue replacing the interfragmental 
hematoma. Within 6 weeks, the gaps between 
the cancellous bone fragments are vascularized 
and bridged by a network of woven bone. This 
woven bone is remodeled under the influence 
of force transmission [8]. 

The disadvantages of cancellous autograft 
include the morbidity associated with the 
harvesting and its limited supply. The most 
important harvesting areas are the anterior iliac 
crest (cancellous bone, corticocancellous grafts) 
(Fig. 6.2-8a), the posterior iliac crest (largest 
source of pure cancellous bone) (Fig. 6.2-8b), 
the greater trochanter and distal femur (both 
with increased fracture risk), and the proximal 
tibia (very soft bone in osteoporotic patients). 
Harvesting may lead to a substantial blood loss, 
requiring transfusion. Pure cancellous bone is 
the safest option in the presence of infection. 


Callus distraction and free vascularized 
bone grafts 


Osteogenesis by callus distraction (Ilizarov) 
and free vascularized bone graft should be 
taken into consideration when dealing 
with large (> 4-5 cm) segmental bone de- 
fects [9]. These situations are more frequent in 
infected non-unions (see chapters 1.3 and 6.3). 


Cancellous autograft is 
osteogenic, osteoinductive, 
and osteoconductive. 


Shingling is used to enhance 
the healing process. 


For large defects, callus 
distraction or vascularized 
bone grafts are recommended. 
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Fig. 6.2-8: 

Harvesting of cancellous autograft from the pelvis. 

a) From the anterior iliac crest. 

Incision along the crest. Sharp dissection of the muscles 
of the abdominal wall, lifting of the periosteum of the 
inner wall of the iliac bone with a sharp rasp and 
exposure with a retractor. In osteoporotic situations, use 
of a U-shaped chisel (1) to remove corticocancellous 
chips (2). Bicortical bone blocks (3) or pure cancellous 
bone (4) may be harvested conserving the contours of 
the iliac crest. 

b) From the posterior iliac crest. 

Splitting of the subcutaneous tissue and elevation of the 
periosteum and the muscles from the outer surface of 
the iliac bone. Elevation of the cortical layer with a curved 
chisel (5) to harvest pure cancellous bone (6). The 
greatest amount of cancellous bone is to be found in the 
vicinity of the iliosacral joint. 
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Allografts and bone graft substitutes 


Allograft and bone substitutes such as deminer- 
alized bone matrix, hydroxyapatite, tricalcium- 
phosphate, as well as osteoinductive substances 
such as growth factors, bone morphogenic pro- 
teins (BMP), etc. are currently being intensively 
explored both experimentally and clinically, but 
have not yet proved to be significantly superior 
[10]. Most of these substances can contribute to 
the reconstruction of bone cavities due to their 
osteoinductive and/or conductive capacity, but 
they all require a vital environment in order to 
be effective. In the absence of living cellular 
elements and blood supply there is no possi- 
bility of any healing. 


Stabilization 


Stabilization of a non-union provides the 
essential mechanical component to allow 
calcification of the fibrous cartilage within 
the non-union. This prepares the field for 
the development of a first bony bridge (see 
section 3.2.1). It has been proved as a basic AO 
experiment that in the presence of a sufficient 
stock and quality of bone, compression fixation 
alone, without resection of the non-union site, 
will guarantee healing [5]. 


Plating 


The plate is probably the most adequate 
tool for the stabilization of a non-union. It 
allows interfragmentary compression, plus cor- 
rection of any malposition and reconstructive 
(grafting etc.) measures, in a single procedure. 
Plates can be applied in metaphyseal as well as 


Fig. 6.2-9: Tension band plating of a tibia with 
varus deformity and hypertrophic non-union. 
a) Resection of a segment of the fibula distal 
to the non-union. Exposure of the lateral 
surface of the tibia and placement of a 
LC-DCP 4.5 anticipating valgization, minimal 
wedge resection laterally, and fixation of the 
plate to the distal tibia. 

With the articulating tension device the non- 
union site is compressed and the tibia 
straightened. 

b) Anterior and posterior decortication is 
optional. 

©) Fixation of the plate proximally with four 
4.5 mm cortex screws guarantees alignment. 


diaphyseal non-unions. In an oblique non- 
union stability can be increased by placing a lag 
screw across the non-union. More frequently, 
however, only axial compression is possible 
because of the transverse plane of the non- 
union and local bone quality. For optimal 
compression, the use of the tension device is 
strongly advisable (Fig. 6.2-9) as the excursion 
of DCP or LC-DCP plate holes is usually too 
short to generate the level of compression 
required. For the best position of the plate, the 
tension side of the bone (convex side of a de- 
formity) should be considered. This is especially 
true in the presence of concomitant deformities 
(Fig. 6.2-9). In cases where a wave plate is used 
to bridge the non-union, a cancellous bone 
graft between the plate and the bone may 
enhance healing (Fig. 6.2-10) [11]. One dis- 
advantage of plating may be the need for partial 
weight bearing for 2-5 months depending on 
the healing progress. 


Mechanical stabilization is 
essential. 


Plating is the most adequate 
and versatile implant to 
stabilize an aseptic non-union. 
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Fig. 6.2-10: Wave plate principle. 

It consists of two components: 

1. The distance between the 
narrow bony bridge between 
the two main fragments and 
the laterally lifted plate 
increases the functional 
diameter of the non-union site 
and, therefore, greatly 
improves the local stability. 

2. The distance between the 
plate and the non-union 
allows placement of autografts 
all around the non-union site. 


Intramedullary nailing 
(Fig. 6.2-11) 


Intramedullary nailing has its main application 
in diaphyseal non-unions of the lower ex- 
tremity. The tight fit of the nail due to reaming 
the non-union site without exposing it, the 
rotational stability of dynamic interlocking 
allowing for axial compression from weight 
bearing, and an increase in periosteal blood 
flow are important factors in promoting union. 
To introduce the guide wire for the reamer, the 
marrow cavity must usually be opened with the 
hand reamer, while the fibrous scar tissue plus 
the reaming debris are a good combination 
which functions like a bone graft. Nailing has 
few advantages in the upper extremities and 
thin unreamed nails are not suitable, as they 
provide insufficient stability. 
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External fixation 


In most aseptic non-unions external fixation 
brings little advantage. It may be applied in the 
presence of poor soft-tissue conditions, or in 
complex multiplanar deformities near joints, 
where a single-stage correction appears difficult 
and hazardous. Its main application is where 
there is considerable loss of length to be bridged 
by callus distraction, which is, however, rare in 
aseptic non-union (see chapter 6.3). 


4.3 Metaphyseal non-union 


Surgery usually consists of a limited local decor- 
tication avoiding devascularization of the joint 
fragment, correction of the deformities, and 
mechanical adaptation of the main fragments 
with fixation by interfragmentary compression 
using one or two plates. Bone grafting may be 
necessary. Careful arthrolysis of intra-articular 
adhesions is often necessary but must not com- 
promise vascularity. In the postoperative period, 
forced motion must, however, be avoided until 
healing is achieved. The treatment of a non- 
union of the femoral neck requires a Pauwels 
osteotomy, which consists of a valgization of 
the proximal femur in order to realign the non- 
union perpendicular to the resultant forces of the 
hip. A vital femoral head is a precondition [12] 
(for technique and planning see chapter 2.4). 


4.4 Treatment in special 
situations 


Arthrodesis/arthroplasty: In general, this option 
should be considered when fixation of a peri- 
articular non-union is impossible due to loss of 
bone, poor bone quality, or irreparable joint 
damage. 


Amputation may be indicated when an 
extremity distal to the avascular non-union is 
of poor quality (disturbed neurovascular situ- 
ation, restricted joint movement, and con- 
siderable deformity). The pros and cons of a 
time-consuming reconstruction must, therefore, 
be extensively discussed with the patient and 
his family, and evaluated with respect to the 
possibility of a rapid rehabilitation. 


4.5 Adjuvant treatment 


Electromagnetic stimulation and, more re- 
cently, ultrasound have been extensively ap- 
plied and advocated to stimulate bone healing. 
They do appear to generate a certain physical 
(thermal) effect at the fracture or non-union 
site [13, 14], but the actual agent responsible for 


Fig. 6.2-11: Hypertrophic non-union after 
conventional nailing of the femur. 

a) Instability is increased by a too short 
unlocked nail creating a resorption cavity 
in the distal femur. 

b) After removal of the nail, additional 
stability can be gained by over-reaming 
creating a cylindrical cavity proximal and 
distal to the non-union site. 

c) Introduction of a thicker and longer nail 
into the as yet untouched and unreamed 
distal metaphysis with dynamic 
interlocking. 


the final outcome is still questionable and real 
evidence is lacking. 


5 | Conclusion 


The successful treatment of a non-union may 
be one of the most rewarding procedures that 
a surgeon can perform. When dealing with 
these challenging problems, careful planning 
and a systematic approach will improve the 
results. Prior to embarking on its reconstruc- 
tion, it is of paramount importance to under- 
stand and evaluate the reasons why a particular 
fracture has failed to unite. While personal 
experience and expertise are most crucial for 
success, no single technique or implant is ideal 
for every situation, or for every surgeon. 
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7 Updates 


Updates and additional references for this chapter 
are available online at: 
http://www.aopublishing.org/PFxM/62.htm 
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Eric E. Johnson 


1 Introduction 


Osteomyelitis is an infection of bone (osteon) 
and marrow (myelon) (see chapter 6.1). Chronic 
osteomyelitis has its source either in a neglected 
acute infection or it may slowly develop as the 
delayed first manifestation of a missed infection 
(see chapter 6.1). Devitalized bone fragments 
within this infected environment become 
sequestra, which cause persistence of chronic 
infection. Granulation tissue develops and is 
eventually transformed into a layer of dense 
fibrous tissue. This membrane isolates the host 
from the infected area and acts as a barrier 
around the sequestra and devitalized bone. 
Periosteal new bone formation around the 
periphery of the infected area produces an 
involucrum that further walls off the infection 
(Fig. 6.3-1). Today, this rarely happens because 
of the intermittent administration of antibiotics, 
by which the process is slowed down but 
without leading to bone healing. 

Bacteria react to the host’s attempts at 
eradication by releasing a variety of virulent 
factors. Glycocalyx (slime), a hydrated muco- 
polysaccharide layer, covers avascular material, 
for example, necrotic bone or metal implants. 


Chronic infection and 
infected non-union 


This slime protects the bacteria in a sessile state 
increasing their resistance to destruction by a 
factor of 500 [1]. This results in an increased 
bacterial surface adherence isolating them from 
the effects of antibiotics, antibodies, and 
immune-directed phagocytosis. This is the basis 
for the difficulty in eliminating implant-related 
infections. The most common organisms cult- 
ured in chronic osteomyelitis are staphylo- 
coccus aureus and epidermidis. Both of these 
species can form a biofilm-protective layer of 
glycocalyx [2]. As a consequence, chronic 
osteomyelitis with persistent drainage and 
sequestra formation is resistant to eradication 
by long-term antibiotics alone. Furthermore, 
all patients with chronic osteomyelitis 
must be considered as potential MRSA 
(methicillin-resistant staphylococci aureus) 
carriers who require special isolation. 
Surgical intervention is the only effective 
method to eliminate such infection and 
promote healing. Most gram-negative bacteria 
do not have a biofilm-forming capacity, with 
the exception of pseudomonas aeruginosa [3]. 


In the presence of infection, 
devitalized fragments become 
sequestra. 


Every patient with chronic 
osteomyelitis is a potential 
carrier of MRSA! 
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Fig. 6.3-1: Development of an infected non-union, and its 
treatment in a 49-year-old male. 


a/b) Plate osteosynthesis of an open tibial fracture type 42-A1.2. 


Several empty drill holes indicate that the surgeon had some 
problems during surgery. 


2 | Classification of 
osteomyelitis 


2.1 Classification according 
to the anatomical 
localization 


(Fig. 6.3-2) 


Chronic osteomyelitis may be classified ac- 
cording to its localization within bone [4]. This 
classification is based on the importance of bone 
necrosis and the more favorable prognosis of 
medullary infections. It has its origins in the 
treatment of hematogenous osteomyelitis. Four 
entities are differentiated: type I (medullary), 
type II (superficial), type III (localized), and 
type IV (diffuse osteomyelitis). 


c) Four months later, and after plate removal, seque- 
stration of an entire segment of the tibia seems to occur. 
The periosteal new bone formation adjacent to the 
diaphysis indicates the presence of some vital callus. 

d) Complete sequestration of the necrotic segment after 
10 months. 

e) Thorough débridement, external fixation, and can- 
cellous bone graft as a second step procedure. 

f) Six months later, full weight bearing. 

g) Full consolidation after 2 years in a slight varus 
position. 


2.2 Classification according 
to the implant 


Classification according to the implant involved 
has the advantage of being more specific for 
chronic postoperative osteomyelitis [5]. We can 
distinguish between pin-track osteomyelitis, 
plate osteomyelitis (either superficial or deep), 
and osteomyelitis after medullary nailing (see 
chapter 6.1). 


Fig 6.3-2: 

Anatomical classification of adult osteomyelitis according 
to Cierny and Mader [4]: 

Type I: Medullary osteomyelitis. Infection within the 
medullary cavity, usually without involvement of the 
epiphyseal area. 

Type Il: Superficial osteomyelitis involving the outer 
cortical area, the subcutaneous tissue, and the skin. The 
infection resides within an isolated area consisting of 
cortical sequestra (S) and granulation tissue (red dotted) 
(Fig 6.1-6). 

Type Ill: Localized osteomyelitis involving full thickness of 
cortex and the adjacent medullary canal. Pin-track 
infections (Fig. 6.1-1} and plate infections may be 
examples (Fig. 6.1-2). 

Type IV: Diffuse osteomyelitis as a fully developed disease 
of the entire bone. It involves the cortex and the medullary 
cavity as well, leading to an extensive devitalization of 
bone (red). 


À Diagnosis of chronic 
infection and infected 
non-union 


3.1 Clinical and laboratory 
findings 


The diagnosis of chronic osteomyelitis is rarely 
difficult. Chronic drainage, pain, erythema, and 
(rarely) edema are typical clinical findings. 
Drainage is often intermittent and localized in 
an area of scar tissue, limiting the possibilities 
of revision. On the other hand, we should 
know the extent of the infection, the degree of 
bone necrosis, the localization of sequestra and 
the overall condition and function of the limb 
involved. Comorbidities and other factors that 
affect the outcome must be thoroughly as- 
sessed. Laboratory values such as the ESR, C- 
reactive protein (CRP), or leukocyte counts are 
more often negative than positive. If positive, 
they are helpful in monitoring the treatment 
plan, but negative findings do not mean that 
the disease cannot progress. 


3.2 Imaging techniques 
(see chapter 6.1) 


A complete series of x-rays, from the 
original fracture to the current state, is 
helpful for the analysis of an infected non- 
union. Necrotic areas are usually recognized by 
a lack of new bone formation adjacent to them, 
while sequestra are very dense and appear 
completely isolated (Fig 6.3-1) from the sur- 
rounding bone. Today, CT and MRI are the best 
methods to determine the extent of the disease 


A complete x-ray series from 
the inital fracture to the 
current aspect is helpful. 
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Prior to any surgical recon- 
struction the affected limb, as 
well as the whole patient, 
must be carefully assessed. 
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and the location of sequestra. Consultation 
with a musculoskeletal radiologist is very 
beneficial in deciding which investigation 
would be helpful, especially in the presence of 
metal implants. CT scan may be preferred to 
demonstrate sequestration underneath a 
periosteal new bone formation (Fig. 6.3-3) [6], 
while MRI gives more information on soft- 
tissue involvement. 


Fig. 6.3-3: CT analysis searching for sequestration in a 
31-year-old male. 

Six years after complex femoral fracture with early 
infection after ORIF. Sinus producing MRSA (methicillin- 
resistant staphylococcus aureus). Part of the sequestrated 
femoral diaphysis is encapsulated in periosteal new bone 
formation. 


Frequently, a three-phase skeletal scinti- 
graphy or special infection scintigraphy, for 
example, with radioactive indium, as well as 
scintigraphy with labeled antibodies against 
granulocytes, can be of additional help [7-10]. 


3.3 Bacteriology and 
histology 


The bacteriological analysis should be based on 
several tissue samples of bone and granulation 
tissue from different areas affected by the in- 
fection (see chapter 6.1). Swabs taken from the 
fistula or superficial drainage are not usually 
adequate in determining the agent, as there 
may be contamination with other bacteria. A 
histological work-up may be helpful in case of 
negative bacterial cultures. 


3.4 Condition of the affected 
limb and of the patient 


In order to evaluate the benefits and the 
risks of any reconstruction, the limb distal to 
infected focus must be carefully assessed. 
The vascularity and the sensibility of the foot 
and the function of the joints must be tested 
and correlated with the needs and expectations 
of the patient. The pros and cons of a recon- 
struction of the limb or of an amputation, 
supported by a detailed treatment plan, must be 
discussed with the patient and his relatives. 

There are physical as well as psychological 
aspects to be considered. Patients who have 
been non-weight bearing for many years and 
are expected to have a prolonged period of 
reconstruction and rehabilitation may not have 
the energy or motivation to cooperate. 


__ 


4 Principles of treatment 


The principles of the management of chronic 
osteomyelitis and infected non-unions are 
similar and consist of: 
¢ Eradication of the infection by means 
of surgery combined with antibiotics. 
e Creation of a viable and stable soft- 
tissue environment. 
¢ Reconstruction, alignment, and stabil- 
ization of the skeleton. 


Every case of osteomyelitis is to be considered 
individually, since there is no standard pro- 
cedure which can be routinely applied. 


4.1 Débridement 

All dead tissues, especially dead bone, all im- 
plants (except those providing stability), old 
suture material, and sinuses have to be resected. 
To prevent the creation of additional necrotic 
bone areas, care must be taken to avoid any 
stripping of the vascularized periosteum. The 
resection of necrotic bone which is in contact 
with vital bone is the most difficult step. Dead 
bone does not show any bleeding points; it is 
very brittle when chiseled off (Fig. 6.3-4). In areas 
of cancellous bone the dead tissue is best removed 
with a high-speed burr until bleeding is encoun- 
tered (Fig. 6.3-5). Intramedullary débridement 
in a diaphysis is best done by gentle intra- 
medullary reaming (see chapter 6.1, Fig. 6.1-5). 
Sometimes a second look may be considered. 
In case of instability it is essential to pro- 
vide fixation in spite of the infection. 
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Fig. 6.3-4: Local débridement of an infected non-union. 


a) The non-union is covered with granulation tissue 
stained with methylene blue. 


b) After resection of the granulation tissue, the necrotic 
bone adjacent to the non-union contrasts distinctly with 
the living bone. 


Stabilization of the bone is 
essential in spite of infection. 


c) After débridement only living-bleeding bone is left. 
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External fixation is the 
standard method in infected 
non-union. 
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Fig. 6.3-5: 

Débridement of a medullary cavity. Cross-section of a 
diaphysis. Dead, not bleeding bone (red) is curetted and 
rounded with a high-speed burr. 


4.2 Stabilization 


The aim of stabilization is: 
e To bring about bony bridging. 
e To allow functional aftertreatment. 
e To allow easy wound care and to 
support the eradication of infection. 
e To allow later reconstructive surgery if 
necessary. 


Stepwise or staged procedures may be required 
depending on the extent of infection and de- 
gree of stability. 


4.2.1 External fixation 

External fixation is the standard method 
of stabilization in infected non-union. It 
must follow the general rules of external fixa- 
tion (see chapter 3.3.3). In septic surgery, ex- 
ternal fixation may need to remain for up to a 
year or more. To satisfy this demand, the chosen 


frame should be constructed more rigidly than 
in an acute fracture. The risk of pin-track infec- 
tion is higher than usual. It may be necessary 
to replace one or more pins during the course 
of treatment. There are basically two fixation 
systems applicable: the Ilizarov-type ring fixator 
with thin wires or a simpler frame built from 
the tubular system with Schanz screws. 

Tubular system (Fig. 6.3-6): This has the 
advantage of allowing free access for wound 
care and eventual plastic reconstructive surgery. 
Its simplicity allows the system to be adapted to 
most clinical situations. Monotube systems may 
sometimes be easier to place but are less ver- 
satile. 

Ilizarov fixator: The circular arrangement 
of rings together with multiple thin preten- 
sioned wires, which can be placed individually, 
allows for compression and lengthening, as well 
as a gradual correction of axial deformities [11]. 
Wires are also reported to have fewer “pin- 
related” problems. 


4.2.2 Plates, nails 


If in infected non-unions the original implants 
(plates and nails) are no longer effective, they 
have to be removed. New internal fixation 
carries a higher risk of recurrence of infection. 
However, in special cases (femur, humerus) 
internal fixation may be considered again in 
combination with adequate protection by anti- 
biotics. The choice of implant is usually de- 
pendent on the aim of obtaining an optimally 
functional limb. 


4.3 Reconstruction of bone 


As a rule, all measures for obtaining bony 
bridging are much safer if carried out after a 
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complete débridement. In problem cases, recon- 
struction of bone defects should be done as a 
second step (Fig. 6.3-7). Healing is more reliable 
if the reconstructive measures are sited in an 
area of vital tissues with healthy skin covers. 


4.3.1 Decortication-autogenous 


cancellous bone graft 


The technique of decortication is described in 
the chapter on aseptic non-union (chapter 6.2, 
Fig. 6.2-7). It is performed over a distance of 
about 2 cm proximal and distal to the involved 


Fig. 6.3-6: Infected non-union without loss of length in a 
tibia. Decortication and cancellous bone graft in infected 
non-union—dorsal view. Overview after internal fixation. 


1 Area debrided from medial aspect will be covered 
with muscle flap or free vascularized flap. 

2 Decortication, from posterior or lateral aspects, of 
the fibula and the lateral and dorsal aspect of the 
tibia. 

3 Placement of autogenous cancellous bone graft. 


Care must be taken not to injure the anterior tibial artery 
and veins and the nervus peroneus profundus. 


area (Fig. 6.3-7). Cancellous bone is harvested, 
preferably from the anterior or posterior iliac 
crest. Dense pieces of cancellous bone are mor- 
selized which allows for quicker vascularization 
with minimal risk of sequestration (Fig. 6.3-7). 
In the lower leg, a posterolateral or central 
placement of the graft into a vital bed avoids 
the infected focus (Fig. 6.3-6) [12]. In the hu- 
merus or femur the best position of the graft 
depends mainly on the defect and the soft- 
tissue envelope. If a bone graft has to be 
applied to an area where the soft tissue is 
defective, the establishment of a healthy 
soft-tissue cover should precede grafting. 

In intramedullary infections (chapter 6.1, 
Fig 6.1-5), a tube temporarily placed into the 
reamed medullary canal can be of help in intro- 
ducing the cancellous graft [13]. 
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Bone grafts have a better chance 
of surviving in a “healthy” soft- 
tissue environment. 
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Fig. 6.3-7: 

Débridement, decortication, and 
cancellous autograft combined with 
distraction and secondary com- 
pression. 

a) Infected non-union with sequestra 
(1) and new periosteal bone 
formation (2). 

b) Débridement, external fixation, 
and distraction of about 5 mm. 

c) Decortication leaving the 
decorticated bone pieces in 
connection with the adjacent 
muscles; cancellous autograft. 

d) 6 weeks later, woven bone 
interlaces the cancellous bone graft 
and the decorticated bone lamellae. 
Compression about 6 weeks later to 
accelerate remodeling of the bone 
graft and callus formation. 
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4.3.2 Open bone graft (Papineau) 


[14] 


Open bone grafting is a method with a long 
tradition, which often achieves bony bridging and 
soft-tissue coverage at the same time. Its main 
disadvantage is the need for a relatively large 
amount of bone to fill in a relatively small defect. 


4.3.3 Callus distraction (Ilizarov) 


Ilizarov [11] has introduced the technique of 
gradual callus distraction by osteotomy in order 
to restore limb length or to bridge a defect 
(Fig. 6.3-8 and Fig. 6.3-9). The great advantage 
of the method is that while callus distraction 
corrects the length of the bone, the soft tissues 
are distracted as well, thereby minimizing the 
need for additional reconstruction. After 


extensive local resection of the necrotic bone 
followed by external fixation, a transverse 
corticotomy is performed away from the defect, 
preferably close to a metaphysis. The corti- 
cotomy is performed either a week after the 
débridement or—in low-grade infections—at the 
same time. Distraction is not commenced for 10 
days, but the gap is kept at a distance of 1 mm. 
Thereafter, the newly formed callus is slowly 
distracted at a rate of 1 mm per day in four to 
five steps evenly distributed over 24 hours. 
Partial weight bearing is usually allowed. The 
progress of the distraction, callus maturation, 
and correction of any irregularity are monitored 
by x-rays. When the planned length is reached, 
weight bearing is gradually increased. Full weight 
bearing is usually achieved 4-6 months after 
closure of the defect. As the docking sites have 
a tendency to delayed union, decortication and 
bone grafting of these areas may be required, or 
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Fig. 6.3-8: 
Segmental bone transport using the tubular system. 


a) Bone transport system combined with a unilateral external 


773 


Fig. 6.3-9: 

Clinical example of Fig. 6.3-8. 28-year-old male. 
a) Infected non-union 5 months after 
intramedullary nailing of a closed tibial fracture. 
Sequestration and periosteal new bone 
formation. 

b) Resection, osteotomy of the fibula, and 
installation of a transportation system. 


fixator mounted anteriorly on a tibia with distal defect. There is c) Healing in the docking site after 9 months. 
shortening as judged by the overlap of the fibula (1). Resection of 
the infected non-union (2) and proximal corticotomy (3). Gradual 


distraction of 1 mm per day in four to five steps. 


b) The lengthening (4) compensates the tibial shortening plus the 
resection distance. Consolidation of the distraction area and at the 


docking site. 


sometimes an internal fixation is needed. Bone 
transport may be painful; it therefore requires 
a commitment by both the patient and the 
physician. The patient has to be seen weekly 
during the distraction period, and physiotherapy 
should be instituted early to mobilize the adjacent 


joints. In trauma cases neurological problems 
due to overstretching of the nerves are rare. 

Callus distraction over an intramedullary 
nail may reduce the period of external fixation 
but is not without hazards, especially in case of 
previous infections [15, 16]. 
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Hypertrophic infected non- 
unions are relatively stable and 
asymptomatic, with 
intermittent draining. 
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4.3.4 Free vascularized bone graft 


Free vascularized bone grafts (fibula, iliac crest) 
are especially suitable for the bridging of bone 
defects longer than 10 cm [17, 18]. The advan- 
tage is that, after bony integration at the host 
site, they undergo gradual hypertrophy, slowly 
adapting their size and structure to the local 
needs. However, it may take years until full 
loading is possible, which requires long-term 
protective measures, especially in the lower 
extremity. Because of the relatively small 
diameter of the grafts, they are more suitable 
for forearm and humerus (Fig. 6.3-9). In the 
tibia, one has to consider double grafting, using 
the contralateral fibula first and, as a second 
step, the ipsilateral fibula [19]. Because of the 
big difference of size (graft vs. defect site) the 
method is of restricted value in the femur. 


4.4 Soft-tissue coverage 


As a rule, soft-tissue coverage without complete 
débridement is useless. In case of a second look 
it is advisable to leave the wound open with 
some antiseptic spacer in order to prevent 
superinfection (see chapter 6.1). In unexposed 
small defects with good granulation tissue 
covering the bone, split skin grafts may be 
sufficient. In more complex situations, local 
muscle flaps (e.g.,gastrocnemius flap), fascio- 
cutaneous flaps, or free vascularized flaps are 
needed [20, 21] as outlined in chapter 5.2. 


4.5 Antibiotics—antiseptics 


Antibiotics are always to be considered as being 
complementary to surgery. Their systemic ad- 
ministration has to follow strict rules in order 


to achieve a therapeutic concentration in the 
bone (see chapter 6.1). The special situation of 
implant-related infections has to be respected. 
For topical application, chains of beads im- 
pregnated with antibiotics may be useful. They 
offer a high concentration of antibiotics, usually 
gentamicin, at the infection focus for a couple 
of days. They also can serve as spacers for 
further bone grafting procedures [22, 23]. Anti- 
septics have their main application in antiseptic 
dressings and in irrigation-suction drainage (see 
chapter 6.1). 


5 Treatment concepts of 
typical cases 


5.1 Hypertrophic infected 


non-union (relatively 
stable) 


Hypertrophic infected non-unions, by their 
description indicate adequate blood supply 
as evidenced by the excessive callus forma- 
tion on x-rays. These non-unions frequently 
possess only a draining sinus and are rela- 
tively asymptomatic. The patients are able to 
function quite well, as instability is minimal. 
Hypertrophic infected non-unions frequently 
have an angular and/or rotational deformity 
due to muscle imbalance or weight bearing. 
Treatment: Débridement of the focus can 
usually be combined with definitive soft-tissue 
cover because of the limited area of infection. 
External fixation will correct a deformity and 
provide stability while a cancellous autograft 
can be performed after curetting of the infected 
focus. Consolidation can be observed within 
4-6 months. After removal of the external 


fixation, a brace may be advisable for a few 
months. 


5.2 Avital and unstable 
infected non-union 


Instability and non-viable bone are the classical 
features of an infected non-union. There is little 
or no evidence of any attempt at healing, the 
bone looks osteopenic or sclerotic and there is 
often associated shortening, joint contracture, 
limb atrophy, and chronic pain. 

Treatment: The treatment of this more com- 
plex condition should occur in stages. Tho- 
rough débridement is combined with external 
fixation. Next, the resulting defect has to be 
assessed. Some shortening may be acceptable to 
gain stability, while reconstructions of 2-3 cm 
are possible with local bone grafting (Fig. 6.3-1 
and Fig. 6.3-7). There exists, however, a risk of 
secondary angulation in reconstructions based 
purely on cancellous autografting, especially in 
the lower leg. In small tibial defects, the graft is 
usually placed posteriolaterally between fibula 
and tibia (Fig. 6.3-6). In the femur and hu- 
merus, grafting may be combined with plate 
fixation once the local situation appears to be 
safe. 


5.3 Avital infected non- 
union with segmental 
bone defect 


With segmental bone loss and avital bone ends, 
severe dystrophy of the bone and soft tissues 
occurs due to disuse of the limb. 

Treatment: Any attempt at reconstruction 
has to be preceded by a thorough débridement. 
A segmental bone loss exceeding 3-5 cm can 


usually not be bridged successfully by can- 
cellous bone graft. It is, therefore, advisable to 
use the callus-distraction method for defects up 
to 10-20 cm if there is an experienced surgeon 
available (Fig. 6.3-8 and Fig. 6.3-9). The ad- 
vantage of callus distraction is the creation 
of a new bone segment which, once mat- 
ured, has similar shape and strength to the 
original bone. The problem of soft-tissue cover 
can usually be solved at the same time. On the 
other hand, the procedure may be painful and 
time-consuming. If the bone loss is situated in 
the forearm or the humerus, vascularized grafts 
have to be considered (Fig. 6.3-10). In the lower 
extremity, if the defect exceeds 8-12 cm, 
vascularized bone grafting competes, as a 
method, with callus distraction. 


Fig. 6.3-10: Vascular 
fibular graft in infected 
non-union of the ulna 
stabilized with a plate. 
Well-adapted diameter of 
the fibula to the one of 
the ulna. 


New bone formed by callus 
distraction has, once matured, 
good strength and similar 
shape to the original bone. 
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5.4 Chronic infection 


5.4.1 Chronic infection after plate 
osteosynthesis 


In chronic infection after plate osteosynthesis, 
plate removal and thorough débridement are 
advocated once the bone has consolidated. In 
case of an insufficient bony bridge, external 
fixation is advised. Using CT scan, a thorough 
analysis of the bone structures can then be 
performed. During a secondary revision, any 
remaining necrotic areas should be debrided. 


5.4.2 Chronic infection after 
medullary nailing 


Intramedullary nailing may lead to bony con- 
solidation even in the presence of infection. 
Often, however, there remains an infected area 
within the medullary cavity, with or without a 
sinus (see Fig. 6.1-5). The best treatment is gentle 
reaming and flushing of the medullary canal. 
Because the vascularity comes mostly from the 
periosteum, there is little risk of permanent 
damage (see Fig. 6.1-5). In infections years after 
the removal of the nail, the medullary cavity is 
quite often filled with endosteal new bone. 
Reaming can only then be performed after re- 
moval of this bone through a cortical window. 


5.4.3 Recurrence of osteomyelitis 
after several years 


Any osteomyelitis can recur even after decades 
of “quietness”. Clinical manifestations are pain, 
tenderness, swelling, fever, and even abscess 
formation. It may be difficult to see any patho- 


logy on standard x-rays, but CT scan, scinti- 
graphy, or MRI may demonstrate a sequestrum 
worthy of removal. Systemic antibiotics are also 
usually helpful as a supplement to surgery. 
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1 Principles and 
philosophy 


The term malunion in an adult patient is not 
clearly defined and its natural history in differ- 
ent localizations is not well known. The classifi- 
cation of malunions is based on the localization, 
i.e., intra-articular, metaphyseal, and diaphyseal. 
Furthermore, they can be defined as simple 
(one plane) or complex (several planes and 
translation) deformities. However, some 
malalignments are better tolerated and 
compensated by the neighboring joints 
than others (e.g., malunions of the upper 
extremity are much better tolerated than those 
of the weight-bearing lower extremity and at 
the lower leg valgus is more acceptable than 
varus). This means that there are both absolute 
and relative indications to correct deformities 
and leg length discrepancies. 


1.1 Leg length discrepancies 


The indication to perform an operative 
correction of a leg length discrepancy is 
not absolute and cannot be expressed in 
centimeters. Decisions must be made on an 


individual basis. The intertrochanteric short- 
ening by osteotomy is a very safe operation; 
corrections of up to 5 cm can be expected to 
have a low complication rate [1]. The same is 
true for the intertrochanteric single/one-step 
lengthening of up to 3.5 cm which, however, is 
only indicated when other corrections at hip 
level are also necessary. The Wagner lengthen- 
ing device, using Ilizarov’s principles, allows 
safe diaphyseal lengthening of more than 5 cm 
by callus distraction. The combination of inter- 
trochanteric shortening on one side and dia- 
physeal lengthening on the other is a very 
elegant method of correcting differences of 
more than 8 cm. 


1.2 Intra-articular malunion 


Painful and disabling articular incongru- 
ency leading to progressive arthritic chan- 
ges with instability, is an absolute indica- 
tion for surgery, particularly in the lower 
extremity. The decision as to whether second- 
ary reconstruction, extra-articular correction 


Some malunions are better 
tolerated and compensated by 
neighboring joints than others. 


Painful and disabling articular 
incongruency is an absolute 
indication for surgery. 


The indication to perform an 
operative correction of a leg 
length cannot be expressed in 
centimeters. 
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In diaphyseal malunion the 
primary goal is to restore 
anatomy and function. 
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osteotomy, arthrodesis, or arthroplasty is per- 
formed depends on 

e the local situation, 

e the function of the joint, 

e the age of the patient, and on 

e socio-economic factors. 


In young patients with severe joint destruction, 
arthrodesis is still the method of choice. The 
technique of fusion should allow for a total 
joint replacement at a later stage (hip, knee). 


1.3 Metaphyseal malunion 


In the absence of pain and functional disability 
there is only a relative indication to correct a 
metaphyseal malunion. Such a situation should 
be discussed individually, taking particular 
account of the long-term prognosis. The fact 
that procedures at this level are technically 
relatively easy may also influence decision 
making. Both open and closed wedge tech- 
niques have their own specific indications. The 
plate is the implant of choice, whereas external 
fixation and intramedullary nailing are rarely 
indicated. 


1.4 Diaphyseal malunion 


In the presence of malunion in the shaft, 
the main question is the level of a cor- 
rective osteotomy. The primary goal is to 
restore anatomy and function, however, 
the condition of the soft tissues and the 
bone at the level of the deformity may be 
a high risk factor. Biomechanically, the de- 
formity itself is often unproblematic if the 
center of hip, knee, and ankle joint are in cor- 
rect line to one another (Mikulicz). A simple 


diaphyseal malunion can be corrected in the 
metaphyseal area where the healing potential 
is much greater. At the proximal tibia, two- 
plane metaphyseal osteotomies may be in- 
dicated to restore the normal inclination of the 
joint. In case of diaphyseal deformity and 
shortening, correction can be combined using 
a lengthening device. 


2 Decision making and 
planning 


Any correction of a malunion has to be planned 
carefully [2]. Three dimensional thinking is of 
great importance but the ability to improvise 
may also be required. Good quality standard x- 
rays of the affected and the healthy limb, in- 
cluding both joints, are needed. For intra- 
articular corrections, conventional x-ray tech- 
niques in different directions form a good basis. 
CT imaging including 3-D reconstructions may 
be helpful but are not absolutely necessary. 
After evaluating the soft-tissue and bone 
condition at the level of the deformity, the first 
drawings of the different possible constructions 
are made to obtain correct alignment of the 
extremity. The level of the osteotomy must 
then be decided on (at the deformity or in a 
virgin area). Sometimes a double osteotomy 
has to be considered. 
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= 3 Reduction and fixation 
techniques 


3.1 Choice of implant 


In contrast to acute fracture treatment, 
the principles of stable internal fixation 
are still fully valid for corrective osteo- 
tomies. Interfragmentary compression is the 
key to safe healing, especially in sclerotic and 
poorly vascularized bone. Compression is best 
achieved by plates, by special techniques of 
external fixation and, exceptionally, with an 
intramedullary nail. If the soft tissues are not at 
risk, plates, especially the angled blade plates, 
are ideal for axial compression of metaphyseal 
osteotomy surfaces. It is important to use the 
removable compression device, which allows 
dynamic compression of the deformity before 
any screws are inserted. 

The external fixator can adequately com- 
press the osteotomy surfaces only if a frame 
construct is used. To avoid soft-tissue irritation 
that limits functional aftertreatment, this 
fixation technique should be restricted to the 
tibial plateau and supramalleolar osteotomies. 

Stabilization of osteotomies by an intramed- 
ullary nail is restricted to the shaft. Reaming the 
canal is also necessary to obtain a long nail- 
bone contact and to increase stability in all 
directions. In cases where hardware is still in 
situ, there must be good reasons for switching 
from one implant system to the other. With a 
plate still in place, the approach will be a direct 
one and it is usually both logical and safe to 
stabilize the osteotomy with a plate again. 


3.2 Metaphyseal and 
diaphyseal osteotomies 


In the metaphyseal area, the osteotomy should 
be close enough to the joint where the cortex 
is already thin, so as to break or crack it without 
causing displacement. The constantly cooled 
oscillating saw should, therefore, not go all the 
way across the bone. Small drill holes may 
complete the cut while a large chisel helps 
break the cortex for an open wedge osteotomy. 
In the case of a rotational correction or a closed 
wedge osteotomy, a complete osteotomy is 
necessary; this also requires a more rigid osteo- 
synthesis. 

In the diaphyseal area, corrective osteo- 
tomies have a tendency to slow or delayed 
healing. A decortication, producing vital bone 
pieces at the level of the osteotomy, is advisable 
and may also help loosen the typically tight 
attachments of the periosteum and the adjacent 
muscles to the bone. 


4 Specific osteotomies— 
indication and technique 


4.1 Clavicle 

A fracture of the clavicle almost always heals in a 
well-tolerated malunion. Shortening and angula- 
tion, causing brachialgia and local symptoms, 
are rare (ca. 2%). A lengthening osteotomy 
leading to an enlargement of the subclavicular 
space can relieve any impingement of neuro- 
vascular structures. The plate (e.g., LC-DCP 3.5) 
has to be carefully contoured to the surface of 
the bone or to a slightly waved plate. A primary 
cancellous graft might be indicated (see Fig. 6.4-7). 


The principles of stable internal 
fixation are still fully valid for 
corrective osteotomies. 


In the diaphyseal area, 
corrective osteotomies have a 
tendency to slow or delayed 
healing. 
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Fig. 6.4-1: Varus malunion of the 
proximal humerus. 

Deformity of the proximal humerus 
after subcapital fracture. 

a) Placement of the guide wire for 
the plate, respecting the calculated 
correction. 

Osteotomy along the contours of the 
humeral shaft, carving of the place for 
the shaft allowing a correction of 30° 
valgus. 

b) Impaction of an angled blade plate 
for adolescents or a 4-hole, 40 mm, 
90° angled blade plate 4.5 with 
cannulated blade and impaction of 
the distal fragment. Compression with 
pointed reduction forceps. Further 
compression with dynamic cortex 
screws, followed by two lag screws, 
cancellous bone screws, and cortex 
screws for interfragmentary 
compression. 

Clinical case: 62-year-old female 

c) Preoperative. 

d) Postoperative. 

e) Late control after 2 years. 
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4.2 Humerus 


4.2.1 Proximal humerus 


Rotator cuff avulsions and other malunions of 
the proximal humerus can lead to an impinge- 
ment syndrome which limits shoulder motion. 
Subcapital osteotomies or reconstruction osteo- 


tomies to decompress the rotator cuff can be 
performed using tension band techniques and 
small angulated plates. The standard delto- 
pectoral approach (see Fig. 4.2.1-5) can be used 
for such osteotomies and/or an arthrodesis. 

Varus or rotational malunions lend themselves 
to subcapital correction osteotomies (Fig. 6.4-1). 

Malunion of the greater tuberosity usually 
causes an impingement during abduction. After 
identification of the supraspinatus and the 
infraspinatus tendon insertions, a 1 mm wire 
loop is placed through the Sharpey’s fibers 
using a cannulated needle. The greater 
tuberosity is then osteotomized and pulled 
distally. After testing the shoulder mobility, the 
reduced fragment is secured with a lag screw 
and one or two tension band wires. 

In malunited four-part fractures, the anatom- 
ical relationship between the center of the 
humeral head and the tuberosities should be 
restored (Fig. 6.4-2). 


__ 


4.2.2 Humeral shaft 


Although quite frequent, malunited 
humeral shaft fractures rarely require 
correction, whereas malrotation is easily 
corrected by subcapital osteotomy. 


4.2.3 Distal humerus 


The most frequent malunions are varus and 
valgus deformities. After failed arthrolysis, loss 
of elbow extension can be another indication 
for an osteotomy [3]. The radial approach with 
rigid plate fixation is a safe procedure in both 
open and closed wedge techniques. Intra-ar- 
ticular osteotomies of the distal humerus are 
rarely indicated and not without risk to the 
joint function. 

In the presence of an ulnar nerve irritation, 
the medial approach with neurolysis of the 
ulnar nerve is indicated. A transposition of the 
nerve is usually not necessary. 


In one-plane deformities, the oblique osteo- 
tomy (Fig. 6.4-3) creates a bigger surface and an 
optimal stability using the lag screw-neutrali- 
zation plate principle. In multi-plane correction 
osteotomies a stepwise wedge resection is re- 
commended, allowing temporary reduction by 
pointed reduction forceps to check the elbow 
function (Fig. 6.4-3b). 
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Malunited humeral shaft 
fractures rarely require 
correction, but malrotation is 
easily corrected by subcapital 
osteotomy. 


Fig. 6.4-2: Malunited four-part fractures. 
a) Malunited four-part fracture, 
interposition of both tuberosities. 

b) Deltopectoral exposure, identifi- 
cation of the rotator cuff muscles, 
osteotomy of the tuberosities and 
reinsertion by tension bands wires 
fixed to screws. 

Clinical case: 

c) Malunited four-part fracture; painful 
stiff joint 5 months after the accident. 
d) Osteotomy and reinsertion of the 
two tuberosities, restoring the rotator 
cuff. 

e) Excellent shoulder function after 

13 years. Slight impingement 
symptoms treated by local infiltrations. 
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Fig. 6.4-3: Varization-extension osteotomy of the distal humerus in valgus and flexion deformity. 

a) Ulnar approach, dissection of the ulnar nerve. Wedge osteotomy proximal to the fossa olecrani with mediodorsal 
basis of the wedge. 

b) Contouring of a DCP 3.5 to the ulnar side of the humerus and fixation by compressing the osteotomy. Avoid passing 
with the screws eccentrically through the fossa olecrani. 

c) AP and lateral x-rays preoperative and after 2 months. 


4.3 Forearm 


4.3.1 Proximal radius and ulna 
Unreduced radial head in malunited Monteggia 
fractures: Corrective osteotomy of the ulna may 
lead to the spontaneous reduction of the radial 
head; however, the functional results are not 
always satisfactory. 


4.3.2 Forearm shaft 


The forearm bones have to be considered in 
their function as a joint, where even a slight 
malalignment of one of the two bones disturbs 
pronation and supination, as well as elbow and 
wrist function. In the shaft, angulation osteo- 
tomies restore the physiological distance and 
bow between ulna and radius; dissection of the 
interosseus membrane may be necessary 


Fig. 6.4-4: Malunion after fracture of distal radius. 

a) Dorsal angulation and shortening. 

b) Dorsal approach, transverse open wedge osteotomy of 
the radius, correction of all the deformation (extension, 
ulnar/radial adduction) using a small laminar spreader, 


Supination or pronation contractures 
limiting the use of the forearm can be 
neutralized by a rotation osteotomy of the 
ulna, thus creating a more functional posi- 
tion of the forearm. 


4.3.3 Wrist 


Malunions following fractures of the distal 
radius are frequent but often well tolerated by 
elderly patients. In the young patient, meta- 
physeal osteotomies of the radius may be indi- 
cated. Depending on the direction of deforma- 
tion with dorsal or palmar shortening, the 
correction osteotomy produces an open or 
closed wedge with a bone graft. For stabi- 
lization, plates 3.5 of varying shapes are used 
[4, 5] (Fig. 6.4-4). 

Shortening of the ulna alone is indicated in 
the presence of minor axis deviation of the 
distal radius. Beware of irritation or compression 
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interposition of iliac graft. The intrinsic stability is 
excellent; internal fixation with a small plate and two 
screws. The dorsal open wedge osteotomy compensates 
the overlength of the ulna. 


Contractures limiting the use 
of the forearm can be 
neutralized by a rotation 
osteotomy of the ulna. 
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of the median nerve! Intra-articular osteotomies 
may be performed for malunions of single 
intra-articular fragments of the radius. Func- 
tional aftertreatment is the rule. 


4.4 Femur 
4.4.1 Proximal femur 


In the presence of a malunion of the proximal 
femur with a normal hip function, the inter- 
trochanteric osteotomy restores the biomech- 
anical situation in all planes [1, 6-9]. Special 
indications may be the correction of leg length 
discrepancies by shortening or lengthening. 

In general, the indications for surgery in 
malunion of the proximal femur are varus and 
rotational deformities in combination with 
shortening leading to limping and overuse of 
the neighboring joints. 


Fig. 6.4-5: Intertrochanteric valgization osteotomy for 
varus deformity after a lateral femoral neck fracture. 
Lateral approach, placement of K-wires for the control of 
anteversion, rotation, and the calculated angle for the 
seating chisel. 

a) Introduction of the seating chisel, osteotomy more or 
less parallel to the chisel creating a great bony surface, 
stepwise removal of a lateral wedge. 


Preoperative planning is based on AP and 
lateral x-rays of the proximal femur, and the 
calculation of all correction angles, including 
the gain of leg length by valgization (open or 
closed wedge osteotomy). The valgization 
should restore the biomechanical balance, but 
on the other hand, to avoid an abduction 
contracture the amount of correction is limited 
by the current hip function (Fig. 6.4-5). 

The universal implant is the condylar plate. 
Depending on the amount of valgization, a 95° 
angled blade plate can easily be bent to any 
desired angle, the 120° and 130° angled blade 
plates being useful for special indications (mal- 
union and non-union of the femoral neck). 

The interlocking nail does not allow a pre- 
cise correction of complex deformities but may 
be indicated for purely rotational deformities. 

The aftertreatment is usually functional 
with 8 weeks of partial weight bearing. 


b) Use of a 120° angled blade plate after repeated 
reduction using the seating chisel as lever arm until the 
calculated correction is achieved without creating an 
abduction contracture. 

c) Stabilization of the osteotomy under compression. The 
medial defect is then filled with the removed wedge. 
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Three-dimensional subtrochanteric 
lengthening of combined malunion 
including shortening (Fig. 6.4-6) 


The indication for surgery is leg length dis- 
crepancy in combination with other mal- 
alignments of the proximal femur. This osteo- 
tomy is technically demanding and experience 
in individual shaping of plates is required. 


Fig. 6.4-6: Three-dimensional subtrochanteric osteotomy 
of the proximal femur (valgization, rotation, lengthening). 
a) Placement of the seating chisel and adaptation of the 
osteotomy plane respecting the desired corrections 

b) Distraction with a strong laminar spreader with the 
plate in situ. 

c) Interposition of corticocancellous bone grafts (ipsilateral 
iliac crest), internal fixation with adapted condylar plate 
95° or a 6-hole hip plate. 

Clinical case: 

d) Slight varus, shortening, and extreme malrotation after 
intramedullary nailing of a femoral shaft fracture in a 
24-year-old female. 

e) 50° derotation, 10° valgization, and 1.6 cm lengthening; 
stable fixation with condylar plate. 

f) Consolidated corrective osteotomy after implant removal. 
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Lengthening and reduction can be difficult; 
temporary interposition of artificial bone blocks 
may be helpful before interposition of the 
autogenous graft [9]. 


Subtrochanteric shortening of relative 
overlength [1, 9] 


This is a low risk operation for shortening of up 
to 5 cm; we observed only one non-union in 70 
cases. Preoperative planning is extremely im- 
portant. The plate has to fit the greater trochan- 
ter and the femur exactly in order to achieve 
adequate contact and to avoid risk of fracture 
of the lesser trochanter. 


i 


i 


4.4.2 Femoral shaft 


Indication for surgery: Diaphyseal malunions 
with serious shortening caused by a fracture 
healed with overlap of the shaft fragment 
(Fig. 6.4-7). 

Correction osteotomies at the level of the 
deformity can be stabilized by plates and nails 
[1]. Normally, the old fracture area is sclerotic, 
making nailing difficult and even dangerous. 
Where a nail is already in situ axial corrections 
can hardly be achieved by renailing. 

The decortication approach stimulates 


FERRARO 


AA 


Fig. 6.4-7: Correction and lengthening osteotomy of a healing of transverse, oblique, and stepwise 
malunited femoral shaft fracture. lengthening osteotomies. 

a) Decortication of the region of shortening specially 

on the dorsal aspect (linea aspera) and fixation of the 4.4.3 Distal femur 


distraction apparatus ventrolateral outside the area of 
the future plate. 


b) Oblique osteotomy and distraction of the fragments Indication for surgery: Malunions in valgus, 
until the desired length is achieved. Osteotomy of the varus, ante, or recurvation deformities, and, 
tips of the fragments and adaptation on the level of exceptionally, rotation deformities. 


the transverse osteotomy. There are two techniques to correct mal- 
c) Tension band plate (wave plate) compressing the 


osteotomy with a tension device. Autogenous bone unions of the distal femur. In both the open and 
graft if the contact area is small and the decorticated closed wedge technique the rather thin contra- 
fragments do not provide a sufficient bone bridge. lateral cortex should remain intact so as to 


create some intrinsic stability. The hip plate 90° 
with a displacement potential of 10-20 mm is 
the ideal implant for medial application in 
valgus deformities, while the condylar plate fits 
exactly to the lateral side of the distal femur for 
varus, antecurvation/recurvation and rotational 
malunions. Both can be used for the open 
wedge technique [1]. 

The techniques for osteotomy to correct 
varus and valgus deformity are illustrated in 
Fig. 6.4-8. 


Aftertreatment: 


Postoperative positioning of the knee in 90° 
flexion and early exercise (a CPM machine is 
helpful) are recommended as is partial weight 
bearing for 6—8 weeks. 


Fig. 6.4-8: Correction osteotomies of the distal femur. 
a/b) Valgization osteotomy. 

Supine position, sterile draping of the whole leg including 
iliac crest, possibility of bending the knee up to 90°. 
Atraumatic approach in front of the lateral intermuscular 
septum, positioning K-wire through the joint and under 
the patella. Introduction of the seating chisel respecting 
the planned correction with a condylar plate 95°. 

a) Long, oblique, closing wedge osteotomy. Careful 
osteoclasis of the contralateral cortex with oscillating saw, 
small drill holes, and chisels. Removing the wedge, 
secure the osteotomy with two pointed reduction forceps 
before introducing the plate. 

b) Full compression in closed wedge-type osteotomies 
using the compression device. 

c/d) Varization osteotomy. 

The same positioning of the patient as in a/b, approach 
through the medial septum, identical oblique osteotomy 
and osteoclasis, stabilization with a hip plate 90°. 
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Valgus deformity is progressive 
due to unicompartmental 
degenerative changes after 
fracture or meniscectomy. 


The aim of all osteotomies is 
to delay arthrodesis or joint 
replacment. 
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Pitfalls and complications: 


Displacement of the contralateral cortex is 
avoided by careful introduction of the plate, 
especially the hip plate on the medial side. 
The 90° plate is chosen, with the adequate dis- 
placement distance (10-15-20 mm). Delayed 
unions and non-unions are extremely rare. 


4.5 Tibia 


4.5.1 Proximal tibia 
Indications for surgery are deformities of the 
proximal tibia in all three planes, intra-articular 
malunions after monocondylar fractures, as 
well as residual joint impaction in combination 
with ligamentous instability. 

Preoperative planning is difficult but very 
important. It is done on the basis of AP, lateral, 
and oblique views, as well as CT-scan recon- 
struction in intra-articular deformities. 

General considerations: Posttraumatic mal- 
alignments and deformities of the tibial head 
are corrected with open wedge technique to 
compensate the lost bony substance and to 
tension the loosened ligaments. This is valid for 
valgus (most frequent), varus, and recurvatum, 
but also for monocondylar and complex intra- 
articular malalignments. To achieve full 
correction, an osteotomy of the fibula is almost 
always indicated, but this seldom needs to be 
fixed. In the particular situation of a genu recur- 
vatum with a normal femoropatellar joint, the 
technical principles are the same, but, in gen- 
eral, the osteotomy starts below the tuberosity, 
otherwise a reorientation of the patella is ne- 
cessary. 

Functional aftertreatment with partial 
weight bearing for about 8 weeks is the rule. 


Intra-articular malunions with circum- 
scribed impaction of the joint surface can be 
elevated and buttressed in combination with an 
open-wedge varization osteotomy. Weight- 
bearing forces are thereby transferred to the less 
damaged part of the joint. 

Valgus deformity is progressive due to 
unicompartmental degenerative changes 
after fracture or meniscectomy. The correc- 
tion may be bicondylar or unicompartmental 
(Fig. 6.4-9), depending on the extent of the 
malunion. 


Pitfalls and complications: 


Intra-articular osteotomy, as a single procedure, 
is rarely indicated. In most cases, axial cor- 
rection by open wedge of the tibial head is 
added. A slight overcorrection of the axis is of 
great importance in order to eliminate extreme 
forces on the partially destroyed compartment. 
This means a correction to 0° in varization 
osteotomy, or to a slight hypervalgus in valgi- 
zation osteotomy. 

The aim of all osteotomies is to delay 
arthrodesis or joint replacement. 


4.5.2 Tibial shaft 


The indication to correct a malunion at the 
level of the diaphysis depends on the locali- 
zation, the bone configuration, and the soft- 
tissue conditions. This also applies to the choice 
of fixation. A reamed nail (without tourniquet) 
can provide excellent stability allowing early 
weight bearing. The tension band plate has 
clear advantages if the intramedullary canal is 
obliterated by sclerotic callus formation [1] (see 
section 4.4.2). 


Fig. 6.4-9: Unicondylar osteotomy of the proximal tibia. 
In supine position straight parapatellar approach. Lateral 
arthrotomy, identification of the old fracture line with 
small chisels, and drill holes. 

a) Osteotomy of the lateral condyle along the old fracture 
line, and osteotomy of the head of the fibula. 

b) Careful introduction of a small laminar spreader and 
elevation of the osteotomized condyle avoiding intra- 
articular dislocation by temporary fixation with a pointed 


4.5.3 Distal tibia 


Indications for surgery are: 


e Symptomatic malalignment after 
asymmetric closure of the growth plate 
in ankle fractures in children. 

¢ Malunions of pilon fractures with good 
ankle function. 

¢ Rotational deformities after fractures of 
the lower leg. 


reduction forceps or transverse K-wires. Interposition of 
wedge-shaped corticocancellous autograft and fixation 
with L-plate. 

c) Clinical example of a secondary dislocation of the 
lateral condyle and of the head of the fibula in a 52-year- 
old female resulting in considerable valgus malunion. 

d) Monocondylar osteotomy and osteotomy of the fibular 
head, graft interposition, and fixation with L-plate. 

e) 17-year follow-up with only slight arthritic changes. 


Intra-articular malunions can sometimes be an 
indication for a joint reconstruction. 

Varus deformities: The usual method of 
correction is the open wedge osteotomy with 
plate fixation or external fixator depending on 
soft-tissue conditions (Fig. 6.4-10). 
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4.6 Ankle 
In younger patients arthritic Valgus deformities are easier to manage by The diagnosis of malunion of a malleolar frac- 
changes are well tolerated closed wedge osteotomy because of the fibula. ture is facilitated by the observation of the la- 
where there is perfect The alternative to this surgery is fusion or _ teral joint line and the talar tilt (Fig. 6.4-11a/b). 
alignment. prosthetic replacement. In younger patients, Even in the presence of arthritic changes, 


an attempt at reconstruction should be malunited ankle fractures are a good in- 

made. The results can be amazing; arthritic dication for reconstruction and can often 
Even in the presence of changes are well tolerated where there is delay secondary arthrodeses or prosthetic 
arthritic changes perfect alignment. replacement for many years [10, 11]. 
reconstruction can often delay 
secondary arthrodeses or 
prosthetic replacement for 
many years. 

Fig. 6.4-10: Correction of a supramalleolar varus 
deformity with external fixation. a) 
The soft-tissue situation at the supramalleolar region 
allows transfixion with Steinmann pins. This method is 
excellent for total or partial closed wedge corrections 
and rotation osteotomies. 
a) Introduction of the first Steinmann pin parallel to 
the joint line, the second one respecting the desired 
correction. Resection of a total or partial wedge. 
Osteotomy of the fibula of the resection type. 
b) Compression osteotomy using the small lateral 
wedge medially. 


b) 


Fig. 6.4-11: Shortening of the fibula after malleolar 
fracture. 

a) Characteristics of a normal ankle joint: (1) regular 
joint line Ghenton-line) without interruption at the 
level of the syndesmosis, (2) a circle fits exactly at 
the tip of the external malleolus and the processus 
lateralis of the talus. 

b) After shortening and malrotation of the fibula, 
the Shenton-line is interrupted (1), the circle (2) 
does not fit anymore. A lateral tilt and external 
rotation of the talus is usually the consequence 
(arrow). 


___ 


Shortening of the fibula in type C fractures 
often leads to talar shift and tilt and sometimes 
malrotation. Furthermore, malunion of the 
posterior malleolus in a proximal position can 
be present. By correction of length and rotation 
of the fibula, and exceptionally by osteotomy of 
the posterior malleolus, the ankle mortise can 
be restored (Fig. 6.4-12a-d) (see also chapter 4.9). 


Fig. 6.4-12: Correction osteotomy of the malunited fibula 
after ankle fracture. 

a) Malunion after type C fracture with shortening of the 
fibula, talar tilt, and shift (see also Fig. 6.4-1a). 

Lateral approach and capsulectomy. Exposure and excision 
of the syndesmotic scar tissue. Sometimes the medial joint 
space has to be cleared of interposed fibrin or scar tissue. 
b) Transverse osteotomy of the fibula, fixation with a 

DCP 3.5 or one-third tubular plate 3.5 in slight valgus at 
the distal fibula. Lengthening and rotation of the fibula 
using the articulated tension device or the laminar 
spreader as a distractor. 

c) Reduction of the external malleolus into the incisura 
tibiae until the articular cartilage of distal tibia, fibula, and 
talus are congruent. 

d) Fixation of the plate filling the defect with cortico- 
cancellous bone. A malunited posterior malleolus can 

be inspected and osteotomized through the lateral 
arthrotomy or by an osteotomy of the medial malleolus. 


| 
| 


4.7 Calcaneus, mid foot, 
Lisfranc 


The indication to perform an osteotomy of 
a malunited fracture of the calcaneus is 
rare. The treatment of choice is a corrective 
arthrodesis of the damaged subtalar joint. The 
same treatment applies to deformation of the 
navicular bone, the cuboid, and the Listranc joint. 


5 Combined malunions 


Multiple shaft fractures of the same limb may 
lead to multiple malunions which compensate 
each other in the sense that the centers of hip, 
knee, and ankle are in line. Especially in young 
individuals, the indication to perform a double 
correction osteotomy is based on the inclination 
of the knee joint in the sagittal and/or frontal 
plane, as well as in rotation. In preoperative 
planning, level, type of osteotomy, and fixation 
have to be considered in respect of the soft- 
tissue situation, the function, and the esthetic 
aspect. 


d) 


The indication to perform an 
osteotomy of a malunited 
fracture of the calcaneus is rare. 
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http://www.aopublishing.org/PFxM/64.htm 
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Algodystrophy 


Lijckle van der Laan @ Rene J. A. Goris 


1 Introduction 


Algodystrophy is a complication occurring in an 
extremity after operation or minor trauma. This 
syndrome may induce severe disability and 
intractable pain. In a prospective study of 829 
algodystrophy patients the syndrome developed 
in 65% after trauma (mostly fracture), in 19% 
after operation, in 2% after an inflammatory 
process, in 4% after various other enhancing 
factors (such as intramuscular or intravenous 
injection), while in 10% no factor was identi- 
fied [1]. The reported incidence of algodys- 
trophy after a Colles’ fracture varies from 
7-37%, and for a tibial shaft fracture is 30%. 
Examples of minor operations which may ini- 
tiate algodystrophy are carpal tunnel release 
and arthroscopy. The various acronyms used for 
algodystrophy, depending on the country con- 
cerned, the specialty treating the patient, or the 
different factors are confusing. Most frequently 
used denominations are causalgia, reflex sym- 
pathetic dystrophy, postinfarction sclero- 
dactylia, Babinsky-Froment sympathetic para- 
lysis, Pourfour du Petit syndrome, Sudeck's 
atrophy, or peripheral trophoneurosis. In the 
differential diagnosis of algodystrophy the 
following diseases have to be excluded: phlebo- 
thrombosis, arterial insufficiency, infection or 


an inflammatory condition, compartment syn- 
drome, carpal or tarsal tunnel syndrome, 
rheumatological disorders, and neurological 
illness, such as polyneuropathy. 


N Pathophysiology 


In 1864, causalgia was firstly reported by Weir 
Mitchell who described in detail the signs and 
symptoms of the syndrome in soldiers wounded 
by a gunshot during the American Civil War. 
The name algodystrophy was introduced by the 
neurosurgeon Leriche in 1916, who suggested 
that an increased activity of the sympathetic 
system was involved in the pathogenesis of this 
syndrome. Livingston suggested that activation 
of the nociceptors leads to excitation of the 
internuncial pool of neurones of the spinal cord 
with induction of an increased activation of the 
efferent sympathetic system. The subsequent 
vasoconstriction, with ischemia of the tissues, 
may stimulate the nociceptors with re-excita- 
tion of the spinal cord, resulting in a “vicious 
circle”. Recently, the “increased efferent sym- 
pathetic” theory has been replaced by the hypo- 
thesis that an upregulated sensitivity of 


Most common acronyms of 


algodystrophy: 


Causalgia 

Reflex sympathetic 
dystrophy 

Sudeck’s atrophy 
Complex regional pain 
syndrome 
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a-adrenergic receptors for catecholamines may 
induce algodystrophy. This total reversal is based 
on the reportedly reduced concentrations of 
norepinephrine and neuropeptide Y in the 
algodystrophic extremity, as compared to the 
unaffected side [2] and on the increased num- 
bers of a,-adrenoreceptors in the skin of algo- 
dystrophy patients as compared to normal 
individuals. The recently reported double-blind, 
randomized studies of sympathetic blockade 
versus placebo [3, 4], in which no difference in 
treatment outcome is described, is also a reason 
for refuting the sympathetic theory. 

In 1942, Sudeck formulated a totally differ- 
ent theory, suggesting an exaggerated regional 
inflammatory response of an extremity to 
injury or operation in the pathogenesis of 
algodystrophy. In extremities affected by acute 
algodystrophy an increased uptake of Indium- 
111-immunoglobin G as compared to the 
contralateral unaffected extremities is measured 
by using Indium-111-immunoglobin G scinti- 
graphy. This technique is an established method 
for recognizing infectious and inflammatory 
foci. Another support for the inflammatory 
theory is the therapeutic effect of anti-inflam- 
matory drugs such as corticosteroids or of local 
application of the free radical scavenger di- 
methyl sulfoxide (DMSO) [5, 6]. Light and 
electron microscopic analysis of skeletal muscle 
biopsies of chronic RSD patients showed various 
abnormalities which are compatible with free 
radical-induced changes. 

Finally, it has been theorized that algo- 
dystrophy is triggered by various predisposing 
psychosocial factors; emotional instability, 
depression, anxiety, and life events may pro- 
voke algodystrophy. A critical review of the 
relevant literature, however, reveals no evi- 
dence in support of predisposing psychosocial 
factors [7, 8]. 


In 1993, the International Association for 
the Study of Pain renamed algodystrophy 
Complex Regional Pain Syndrome (CRPS), to 
be neutral in respect of the various theories of 
the pathogenesis of this complex disease. This 
term is not generally used. 


3 The signs and 
symptoms 


Based on a prospective study of 829 algodys- 
trophy patients [1], we defined the following 
diagnostic criteria of algodystrophy: 

1. Atleast four out of five of the following: 

e unexplained diffuse pain, 

¢ difference in skin color (red or blue 
discoloration) compared with the 
other extremity, 

e diffuse edema, 

e difference in skin temperature (warm 
or cold) compared with the other 
extremity, 

¢ limited active range of motion. 

2. Appearance or increase in severity of 
the above signs and symptoms after 
using the extremity. 

3. The above signs and symptoms present 
in an area larger than the area of pri- 
mary injury or operation and including 
the area distal to the primary injury. 


In the acute phase of algodystrophy Veldman 
et al. reported hyperhidrosis in 57% of the 
patients and changed growth of hair in 54% as 
sympathetic signs. From the onset of the disease 
various neurological symptoms may appear in 
the affected extremity, for example: hyper- 
sthesia (typically with a glove-like or stocking- 
like distribution), hyperpathy, incoordination, 


tremor, involuntary movements, muscle spasms, 
and paresis. 

In the chronic phase of the disease the 
neurological symptoms may still be present 
while the inflammatory signs diminish. The 
paresis and exercise limitation of the affected 
extremity may be explained by the reported 
decreased oxygen consumption and/or altered 
energy metabolism of the affected extremity as 
compared to the unaffected limb [9, 10]. 

In conclusion, algodystrophy, in the 
acute phase, is characterized by signs and 
symptoms of inflammation, and may affect 
all structures and functions present in an 
extremity. 


4 X-ray and bone 
scintigraphy 


In 1900 Sudeck described the radiological ap- 
pearance of algodystrophy. The changes start as 
a patchy osteoporosis within the small bones of 
the hands or feet and within the distal metaph- 
ysis of forearm or tibial bones. X-ray as well as 
three phase technetium bone scan has a low 
sensitivity and low specificity in recognizing 
algodystrophy. Algodystrophy remains mainly 
a clinical diagnosis. 


5 | Treatment 


In accordance with the variety of theories re- 
garding the pathogenesis of algodystrophy, 
various therapeutic regimens are used. How- 
ever, independent of the kind of therapy, it is 
generally accepted that whatever the 
treatment, the best results are obtained 


when algodystrophy is diagnosed early and 
treated immediately. 

During the last 15 years, we have prog- 
ressively adapted our treatment schedule for 
algodystrophy to new knowledge and in- 
creasing experience. 


5.1 Free radical scavenger 
treatment 


Patients with severe, acute algodystrophy are 
treated via a central venous catheter with the 
free radical scavenger mannitol (10%, 1000cc/ 
24 hours) for a period of one week. Care should 
be taken in patients with renal failure, as hyper- 
osmolarity may occur. When renal function is 
normal, osmolarity is not significantly increased. 
Subsequently, these patients are treated with 
local application of dimethyl sulfoxide cream 
50% on the skin of the affected area. Applica- 
tion is performed five times daily and continued 
for approximately 2-3 months. Less severe 
cases of algodystrophy are initially treated 
with dimethyl sulfoxide cream. This is the 
major part of our treatment schedule and is 
based on a prospective crossover study per- 
formed in our department in 1985 [6]. In this 
study, the treatment with dimethyl] sulfoxide 
cream resulted in significantly greater im- 
provement of the algodystrophy as compared 
to the placebo treatment. In the prospective, 
randomized and double-blind study (dimethyl 
sulfoxide vs. placebo) of Zuurmond et al. similar 
results are reported [5]. Subsequently, the pa- 
tients are treated with the free radical scavenger 
N-acetyl cysteine (3 times 600 mg/day orally) 
until the signs and symptoms of algodystrophy 
disappear or become stabilized in an intractable 
situation. 


In the acute phase algo- 
dystrophy has signs of 
inflammation affecting all 
structres and functions of an 
extremity. 


Whatever the treatment the 
best results are obtained with 
immediate onset after an early 
diagnosis. 
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Typically muscular exercises 
induce or increase the 
inflammatory symptoms. 
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5.2 Vasodilation treatment 


A minority of algodystrophy patients have cold 
skin from the onset of the disease as compared 
to the unaffected side. Special attention is 
necessary because these patients are more at 
risk of a poor outcome, have a higher incidence 
of recurrence of algodystrophy [11], and more 
frequently require an amputation because of 
severe complications [12]. Therefore, this group 
is in addition treated early and rigorously with 
the above-mentioned free radicals in combi- 
nation with peripheral vasodilators such as 
verapamil “retard” (240 mg once or twice/day 
orally), ketanserin (2 times 20 or 40 mg/day per 
os), or pentoxyfiline (2 times 400 mg/day per os) 
to optimize perfusion of the affected extremity. 
Verapamil is the most recognized medication. 
When the skin temperature remains cold de- 
spite the vasodilators, sympathetic blockade is 
performed at an early stage. 


5.3 Attention to painful 
trigger points 


In about 50% of the algodystrophy patients a 
“trigger point” is present. A trigger point is 
defined as a specific painful area within the 
affected algodystrophy extremity, in which the 
pain does not directly result from algodystrophy. 
Examples are: carpal tunnel syndrome, tendinitis 
of the scapular insertion of the biceps, neuroma, 
trigger finger, epicondylitis lateralis or medialis, 
anterior metatarsalgia, “jumpers knee”, or ten- 
dinitis of the patella tendon. Our hypothesis is 
that these trigger points may induce, sustain, 
or worsen the algodystrophy, possibly by a local 


process of neurogenic inflammation. During the 
treatment of algodystrophy, these trigger points 
are identified and given specific treatment, 
which may include the operative removal of a 
neuroma, local injection of bupivacaine followed 
by methylprednisolone for tendinitis [13], or 
providing an orthosis for immobilization of a 
painful joint. Retrospective analysis of bupiva- 
caine and methylprednisolone injection of the 
shoulder in algodystrophy patients who had a 
tendinitis of one or both biceps muscles, resulted 
in permanent relief of complaints in 48%, 
temporary or moderate relief in 42%, no 
difference in 4%, and increase of complaints in 
1%; in 3% the results were not documented 
[13]. 


5.4 Physical therapy 


Muscular work is accompanied by an increase 
in oxygen consumption and may induce free 
radical production. It is almost pathogno- 
monical of algodystrophy patients that 
muscular work induces or increases the 
inflammatory signs and symptoms, espe- 
cially pain, within the affected extremity 
[1]. For this reason, we advise algodystrophy 
patients to exercise their affected extremity 
actively, but only below their pain threshold. In 
our department physical therapy is started 
when the acute inflammatory algodystrophy 
signs and symptoms have largely disappeared. 
Treatment consists of mobilizing the affected 
joints below the pain threshold. Aggressive 
physical therapy induces an increase of algo- 
dystrophy complaints and may be torture for 
the patient. 


5.5 Chronic algodystrophy 


Patients with chronic algodystrophy are treated 
similary, following the schedule outlined above. 
However, the free radical scavengers therapy 
will be used for one month and may be pro- 
longed as long as improvement continues. In 
the chronic phase we advise treatment of the 
severe pain complaints by anesthesiologists. 


5.6 Algodystrophy with 
severe disability 


Some cases of algodystrophy are resistant to any 
of the modes of treatment presently known. In 
these patients, a completely different approach 
is necessary to address their severe disability. 
Such an approach should include proper pain 
medication, and providing an orthosis, a wheel- 
chair, and/or adaption of their home situation, 
as appropriate. 
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Glossary 


Chris L. Colton 
with acknowledgements to 
Stephan M. Perren 


The inclusion of a glossary may seem 
superfluous in a work for surgeons. Never- 
theless, it may be helpful in clarifying 
certain confusions and misnomers that 
can creep into common parlance. It is 
hoped that it may be of use to some of 
those readers whose native tongue is not 
English. The editors, therefore, decided 
that it would be more helpful than to 
exclude it. 


abduction: Movement of a part away from 
the midline, e.g., abduction at the shoulder 
moves the arm away from the trunk and 
out to the side. At the thumb, it describes 
movement of the digit forward from the 
anatomical position, away from the palm. 
This is because in evolutionary terms, the 
thumb of the primitive hand lies in the 
same plane as the fingers and abduction 
carries it sideways away from the midline, 
as the arm abducts at the shoulder. In 
man, to allow human grasp, the thumb 
has rotated through 90° from its atavistic 
alignment. 


adduction: Movement of a part towards 
the midline, e.g., adduction at the hip 
joint moves the leg toward the midline 
and adduction of both legs would press 
the knees together or cross the legs. 


algodystrophy: Alternatively known as 
Reflex Sympathetic Dystrophy or Sudek’s 
atrophy—see chapter 6.5, also fracture 
disease. 


allograft: Graft of tissue from another 
individual of the same species, who is 
genetically different from the recipient. 
Bone is generally transplanted without 
revascularization. Histocompatibility studies, 
essential in organ transplantation, are not 
necessary in bone allografting. 


anaerobic: Those metabolic processes which 
are not dependent on oxygen. Anaerobic 
organisms can, therefore, thrive in tissues 
which are hypoxic or anoxic. 


anastomosis: A junction between two 
vessels or other tubular anatomical struc- 
tures. 


anatomical position: The reference position 
of the body—standing facing the observer, 
with the palms of the hands facing forward. 


anatomical reduction: The exact adaptation 
of fracture fragments (hairline adjustment). 
It will result in complete restoration of the 
normal anatomy. While overall stability 
does not depend on precise reduction, 
precise reduction more reliably results in 
stability and increased strength of fixation. 
It is more important in articular fractures 
than in diaphyseal fractures—see also 
stability of fixation. 


ankylosis: Fusion of a joint by bone or a 
tight fibrous union, occurring sponta- 
neously as a result of a disease process, 
e.g., following septic arthritis (pyarthrosis). 


angulation: The orientation of one body 
(e.g., bone fragment) in such a manner 
that the two parts meet at an angle rather 
than a straight line. The standard surgical 
convention is that the angulation is 
characterized by describing the deviation 
of the distal part from its anatomical posi- 
tion. For example, at a Colles’s fracture, 
the distal radial fragment is dorsally (or 
posteriorly) angulated, even though the 
apex of the deformity points anteriorly; 
similarly a tibial fracture whose apex 
angulation points backward should be 
referred to as angulated anteriorly, as the 
distal part is indeed angulated anteriorly 
from its anatomical position. 


anterior: The front aspect of the body in 
the anatomical position. If A is in front of 
B in the anatomical position, then A is 
said to be anterior to B. 


antibiotic: Any drug, such as penicillin, 
produced by certain fungi, bacteria, and 
other organisms, which can inhibit the 
growth of, or destroy, microorganisms. 
They are used for the prevention or treat- 
ment of infections. 


antibody: A substance produced by the 
host’s immune system, in response to the 
detection of an antigen. The antibody is 
specifically elaborated to attack and destroy 
only the antigen which stimulated its 
production—antigen specific. 


antigen: Component of a foreign biological 
substance (transplanted tissue, invading 
virus, etc.), which stimulates the host’s 
immune system to attack that foreign 
substance by elaborating antibodies which 
destroy the antigen and in so doing may 
result in damage to the “invader”. 


antiseptic: Originally the surgical strategy 
for avoiding postoperative sepsis by apply- 
ing to the wound bactericidal chemicals, 
as in the carbolic acid aerosol described 
and used by Joseph Lister in the late 19th 
century—the era of antiseptic surgery. Now 
a term used for non-biological chemicals 
which have topical bactericidal properties. 


arthritis: Literally, an inflammatory con- 
dition of a diarthrodial (synovial) joint. It 
may be septic or aseptic. The former may 
be blood-borne (hematogenous), as in 
children, or it may follow penetration of 
the joint by wounding or surgery. Aseptic 
arthritides are usually of the rheumatoid 
type (including Reiter’s syndrome, psoriatic 
arthropathy, etc.) or due to degenerative 
change (see osteoarthritis). 


arthrodesis: Fusion of a joint by bone as a 
planned outcome of a surgical procedure. 


articular fracture—partial: Only part of the 
joint is involved while the remainder re- 
mains attached to the diaphysis. 


articular fracture—complete: The entire 
articular surface is separated from the dia- 
physis. 


autograft: Graft of tissue from one site 
to another within the same individual 
(homograft). 


avascular necrosis (often abbreviated as 
AVN): Bone which has been deprived of 
its blood supply dies. In the absence of 
sepsis, this is called avascular necrosis 
(aseptic necrosis). The dead bone retains 
its normal strength until the natural 
process of revascularization by “creeping 
substitution”—see blood supply—starts to 
remove the dead bone, in preparation for 
the laying down of new bone. Loaded 
areas may then collapse—segmental col- 
lapse. This occurs in the femoral head and 
the talus more frequently than at other 
skeletal sites. 


avulsion: Pulling off, e.g., abone fragment 
pulled off by a ligament or muscle attach- 
ment is an avulsion fracture. 


bactericidal: Capable of killing bacteria. 
biocompatibility: The ability to exist in har- 


mony with, and not to injure, associated 
biological tissues or processes. 
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biological (biologically respectful) internal 
fixation [1]: In any internal fixation there 
is always a skilful balance to be struck 
between the degree of surgical stabili- 
zation produced and the biological insult 
caused by the necessary surgical exposure. 
The balance will be judged by an experi- 
enced surgeon. Biological fixation utilizes 
a technique of surgical exposure and fixa- 
tion which favors the preservation of the 
blood supply and thereby optimizes the 
healing potential of the bone and soft 
tissues. It provides sufficient stability for 
multifragmentary fractures to heal in 
correct length and alignment. It relies on 
a rapid biological reaction (early callus 
formation) for the protection of the im- 
plants from mechanical failure (fatigue or 
loosening). See chapter 1.2. 


biopsy: The surgical removal of a piece of 
tissue for histological examination, usually 
undertaken to establish a diagnosis. 


blood supply to cortical bone (restoration of): 
Cortical bone which has been completely 
deprived of its blood supply for any ex- 
tended period of time dies. It may become 
revascularized either by ingrowth of blood 
vessels without marked widening of the 
Haversian canals [2], or by newly formed 
Haversian canals which result from the 
penetration of osteons. Such osteonal 
remodeling is a process with a marked lag 
period and a slow speed (0.1 mm/day 
according to Schenk [3]). When aseptic 
necrotic bone is revascularized by resorp- 
tion and replacement with newly formed, 
vascular bone, the term creeping substi- 
tution is often applied. See vascularity and 
avascular necrosis. 
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bone graft: Bone removed from one skeletal 
site and placed at another. Bone grafts are 
used to stimulate bone union and also to 
restore skeletal continuity where there 
has been bone loss—see allograft, auto- 
graft, xenograft. 


broad spectrum: Refers to antibiotics which 
are active against a wide range of different 
organisms. 


butterfly fragment: Where there is a frac- 
ture complex with a third fragment which 
does not comprise a full cross section of 
the bone (i.e., after reduction there is 
some contact between the two main frag- 
ments), the small wedge-shaped fragment, 
which may be spiral, is occasionally re- 
ferred to as a butterfly fragment—see 
wedge fracture. 


buttress: When there is impaction of bony 
fragments (e.g., at the distal metaphysis 
of the tibia in pilon injuries) a defect re- 
mains after fracture reduction. An implant 
used to maintain the reduction “out to 
length” by resisting the compressive loads 
tending to re-impact the fragments is 
functioning as a buttress. 


callus: A tissue complex formed at a site 
of bony repair. Following a fracture it 
makes a gradual and progressive transi- 
tion through a series of tissue types— 
hematoma —> granulation tissue — fibrous 
tissue (or fibrocartilagenous tissue) > 
calcified tissue > remodeling into woven 
bone, gaining in stiffness as it does so. 

Callus formation is the response of living 
bone to any irritation—chemical [4], 
infective, mechanical instability [5], etc. 


In internal fixation with absolute stability, 
where direct (callus-free) bone healing is 
expected, the appearance of callus is a 
sign of unexpected mechanical instability 
(formerly referred to as “irritation” callus) 
and will alert the surgeon to a failure of 
the original mechanical objective. Callus 
is welcome as a repair tissue in all treat- 
ment methods where relative fracture 
stability has been the planned goal. 


cancellous bone: Is the spongy trabecular 
bone found mostly at the proximal and 
distal bone ends in contrast with the dense 
cortical bone of the shafts. Cancellous 
bone has a much larger surface area per 
unit volume and is, therefore, more readily 
available to its blood supply, as well as to 
osteoclasts for resorption. Its large surface/ 
volume ratio also offers more surface for 
invading blood vessels attempting to re- 
vascularize dead cancellous bone, and this 
is an advantage when cancellous bone is 
used for grafting. 


caudad: Literally “tailward”. If A is nearer 
to the “tail”, or coccyx, than B, then A is 
caudad of B. Usually confined to the axial, 
rather than the appendicular, structures— 
see cephalad. 


caudal: Pertaining to the tail, or tail region, 
e.g., caudal epidural injection. 


cephalad: Literally “headward”. If A is 
nearer to the head than B, then A is 
cephalad of B. Usually confined to the 
axial, rather than the appendicular, struc- 
tures—see caudad. 


chemotherapy: Treatment of malignant le- 
sions with drugs that impair, or stop, their 
cellular proliferation. 


chondrocytes: The active cells of all carti- 
lage, whether articular cartilage, growth 
cartilage, fibrocartilage, etc. They produce 
the chondral matrix, both its collagen and 
the mucopolysaccharides of the ground 
substance. 


cis cortex: See near cortex. 


compartment syndrome: See muscle com- 
partment. 


complex fracture: Fracture in which after 
reduction there is no contact between the 
main fragments. 


compound fracture: The British school has 
long referred to fractures with an over- 
lying, communicating wound of the inte- 
gument as “compound” fractures, the op- 
posite being simple fractures. No fracture 
should be regarded as simple, and the use 
of the archaic word “compound” does not 
convey the important clinical distinction. 
The term is now largely superseded by 
“open fracture”. 


compression screw: See lag screw. 


compression: The act of pressing together. 
It results in deformation (shortening like 
a spring) and improvement or creation of 
stability. Compression is used (1) to pro- 
vide stability of fixation where motion- 
induced resorption must be prevented, 
and (2) to protect the implants and to 
improve their efficiency by unloading 


them. Unloading is achieved through 
restoration of the load-bearing capacity of 
the bone. Any fixation taking advantage 
of the loadbearing capacity of fracture 
fragments can withstand load without 
mechanical failure, or temporary micro- 
motion, within the fracture. This is the 
main reason for using careful reduction 
and application of compression. Com- 
pression, furthermore, helps to restore 
dynamic loading of the bone fragments, 
a process for which stable contact of the 
fracture fragments is a prerequisite. 

If the implant (screw, plate) bridging the 
fracture is applied under tension, then the 
fracture locus undergoes an equivalent 
amount of compression. The compression 
is used to help stabilize the fracture. We 
have not observed any “magic biological 
effect” of compression. 


contact healing: Occurs between two frag- 
ment ends of a fractured bone, at circum- 
scribed places that are maintained in 
motionless contact. The fracture is then 
repaired by direct internal remodeling. 
Contact healing may be observed addi- 
tionally where the gap is only a few micro- 
meters wide. 


coronal: This is a vertical plane of the body 
passing from side to side, so that a coronal 
bisection of the body would cut it into a 
front half and a back half. It is so called 
because at a coronation, the crown (corona 
in Latin) is held with a hand on either 
side as it is lowered onto the royal head; 
the line joining the hands is in the “coro- 
nal” plane. 


cortex: See cortical bone. 


cortical bone: The dense bone forming the 
tubular element of the shaft, or diaphysis 
(middle part) of a long bone. The term 
is also applied to the dense, thin shell 
covering the cancellous bone of the meta- 
physis. The term is generally used inter- 
changeably with cortex. 


corticotomy: A special osteotomy where 
the cortex is surgically divided but the 
medullary content and the periosteum 
are not injured. 


CPM—continuous passive motion: The use 
of apparatus to move a joint through a 
controlled range of motion has been 
shown to enhance articular cartilage 
healing after injury and to promoted soft 
tissue recovery after surgery. Salter et al. 
and Sheperd [6, 7], and others have de- 
monstrated that the use of passive motion 
machines for continuous periods is neces- 
sary for cartilage repair. The indiscrimi- 
nate use of CPM machines for prolonged 
periods for other indications can lead to 
muscle wasting and should be combined 
with other techniques of physical therapy. 


creeping substitution: See blood supply. 


cytoplasm: The non-nuclear substance of 
a cell. 


debricolage: A French term signifying the 
process of mechanical failure of an internal 
fixation prior to the onset of solid bone 
healing. 


débridement: Literally the “unbridling” of 
a wound. Strictly speaking it refers to the 
extension of a wound and the opening up 
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of the planes of the injured tissue, usually 
in the context of open fractures, as de- 
scribed by Ambrose Paré in the 16th cen- 
tury. It is usually used in the context of 
open fractures. It has come to be under- 
stood as the opening up of a wound or 
pathological area (e.g., bone infection) 
together with the surgical excision of all 
avascular, contaminated, infected, or other 
undesirable tissue. 


deformity: Any abnormality of the form of 
a body part. 


delayed union: Failure of a fracture to con- 
solidate within the normally expected 
time, which varies according to fracture 
type and location. Delayed union, like 
union is a surgical judgment and cannot 
be allocated a specific time period. 


diaphysis: The cylindrical, or tubular, part 
between the ends of a long bone, often 
referred to as the shaft. 


direct healing: A type of fracture healing 
observed with absolutely stable (rigid) 
internal fixation. It is characterized by: 
1. Absence of callus formation 
specific to the fracture site. 
2. Absence of bone surface 
resorption at the fracture site. 

3. Direct bone formation, without 
any intermediate repair tissue. 
Direct fracture healing was formerly called 
“primary” healing, a term avoided today 
so as not to imply any grading of the 
quality of fracture healing. Two types of 
direct healing are distinguished, namely 

contact healing and gap healing. 
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dislocation: A displacement, usually trau- 
matic, of the components of a joint such 
that no part of one articular surface re- 
mains in contact with the other. The term 
subluxation applies when there is partial 
contact between the two surfaces. 


displacement: Out of place. A fracture is 
displaced if the fragments are not perfectly 
anatomically aligned. Displacement may 
be linear (or translational) —as when one 
fragment shifts sideways in relation to an- 
other—angular, rotational, or axiat—when 
the displacement results in shortening 
along an axis. The term “dislocation” is 
sometimes misused to describe displace- 
ment. Dislocation is reserved for joint 
malalignment—see dislocation. 


distal: Away from the center of the body, 
more peripheral. For example, the hand 
is distal to the elbow, the phalanges are 
distal to the metacarpals. In certain in- 
stances, it means nearer the end than the 
beginning; for example, in the digestive 
system the stomach is distal to the eso- 
phagus, or in the urinary tract the bladder 
is distal to the ureter. 


dorsal: Pertaining to the back—or dorsum— 
of the body in the anatomical position. An 
exception is the foot; the top of the foot, 
even though it faces forward in the anato- 
mical position, is called the dorsum. 


ductility: The attribute of an implant mate- 
rial which characterizes its tolerance to 
plastic deformation. 


dynamization: The process whereby me- 
chaical load transferred across a fracture 


locus can be increased at a certain stage 
to enhance bone formation or to promote 
“maturation” of the healing tissues. An 
example would be the reduction in stiff- 
ness of an external fixation by either 
loosening some clamps, reducing the 
number of pins, or moving the tubular 
construct further from the bone. Early 
dynamization, i.e., before solid bridging of 
the bone, can result in stimulation of 
callus formation. The value of late dynami- 
zation is debatable. 


elastic deformation: See plastic deformation. 


endosteal: The adjective derived from en- 
dosteum, which means the interior surface 
of a bone, e.g., the wall of the medullary 
cavity. 


energy transfer: When tissues are trauma- 
tized, the damage is due to energy that is 
transferred to the tissues. This is most 
commonly due to the transfer of kinetic 
energy from a moving object (car, missile, 
falling object, etc.). The greater the amount 
of energy transferred to the tissue, the 
more extensive the damage. 


epiphysis: The end of a long bone which 
bears the articular component. The epi- 
physis develops from the cartilaginous 
element between the joint surface and 
the growth plate—see metaphysis. 


extension: The movement of an articu- 
lation that causes the relationship between 
the part above the joint and the part below 
the joint to become straighter. 


extensor: Adjective from the noun “exten- 
sion”. The muscles which cause extension 
of a part are its extensor muscles; the sur- 
face of a part where those muscles are 
found is sometimes called the extensor 
surface. 


external fixation: The technique of skeletal 
stabilization, which involves the implan- 
tation into bone of pins, wires, or screws 
that protrude through the integument 
and are linked externally by bars or other 
devices. 


extra-articular fracture: Does not involve 
the articular surface, but may be intra- 
capsular. 


far cortex: The cortex more distant from the 
operator. Sometimes called the trans cortex. 
In plating and tension band wiring, a defect 
has more important consequences in the 
far rather than in the near cortex. This 
difference is due to the inability of a defec- 
tive far cortex to resist compressive forces. 


fasciocutaneous: A term describing tissue 

flaps which include the skin, the subcuta- 
neous tissues, and the associated deep 
fascia as a single layer. 


fasciotomy: The surgical division of the 
investing fascial wall of an osseofascial 
muscle compartment, usually to release 
pathologically high intracompartmental 
pressure—see muscle compartment. 


fibrocartilage: Tissue consisting of elements 
of cartilage and of fibrous tissue. This may 
be a normal anatomical entity, such as 
certain intra-articular structures (menisci, 


triangular fibrocartilage of the wrist, the 
symphysis pubis) or constitute the repair 
tissue after lesion of the articular cartilage. 


fixation, flexible: Traditionally, internal 
fixation according to the AO method has 
meant absolutely stable (rigid) fixation, 
using close adaptation and compression. 
Recently, a less stable fixation (flexible 
fixation using splinting plates, nails, or 
fixators) has been observed to yield very 
good results under conditions in which 
the fragments are well vascularized. Given 
best preservation of the viability of the 
fragments, flexible fixation induces abun- 
dant and rapid callus formation. Recall 
that the combination of instability and 
compromise of the biology of the fracture 
locus is deleterious. See biological internal 
fixation. 


flexion: The movement of an articulation 
that causes the relationship between the 
part above the joint and the part below 
the joint to become more angulated. 


flexor: Adjective from the noun “flexion”. 
The muscles which cause flexion of a part 
are flexor muscles; the surface of a part 
where those muscles are found is some- 
times called the flexor surface. 


floating knee: Isolation of the knee joint 
from the remainder of the skeleton by 
fractures of the femur and the tibia in the 
same limb. 


fracture disease: A condition characterized 
by disproportionate pain, soft-tissue swell- 
ing, patchy bone loss, and joint stiffness 
[8]. Fracture disease can best be avoided 


by that scheme of fracture management 
most likely to produce skeletal integrity 
whilst permitting early active motion of 
the part (early functional rehabilitation) 
[9]. Linked terms are algodystrophy, reflex 
sympathetic dystrophy (RSD), Sudeck’s 
atrophy—see chapter 6.5. 


fracture locus (injury zone): Locus derives 
from the Latin word for “place”. It is used 
in our context to describe the biological 
unit comprising the fracture fragments and 
the immediately associated soft tissues, all 
of which function together to produce 
healing of the injury. 


fracture: A loss of continuity (breakage), 
usually sudden, of any structure resulting 
when internal stresses produced by load 
exceed the limits of its strength. The com- 
plexity and displacement of the fracture 
depend largely on the energy build-up in 
the structure prior to fracture; the shape 
of the fracture planes (transverse fracture, 
spiral fracture, avulsion, impaction, etc.) 
is related to the nature of the load- 
compressive, bending, torsional, shear, or 
any combination of these. 


frontal: Pertaining to the front of the body 
in the anatomical position. That part of 
the skull forming the forehead is the 
frontal bone. The frontal plane of the 
body, parallel to the front, is the same as 
the coronal plane (see above). 


Galeazzi injury: A fracture of the radial shaft 
associated with a dislocation of the inferior 
radioulnar joint. Its first description is 
attributed to Galeazzi [10]. Sometimes 
referred to as the “reversed Monteggia”. 
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gap healing: The healing process taking 
place between two fragment ends kept in 
stable relative position with a small gap 
between them. Gap healing progresses in 
two phases: (1) the filling of the gap with 
lamellar bone of different orientation than 
the bone of the fragments, (2) the sub- 
sequent remodeling of the newly filled 
bone from within the gap into the frag- 
ments (plugging) or crossing from one 
fragment through the newly filled bone 
into the other fragment (remodeling). 


gliding hole: When a fully threaded screw 
is used as a lag screw, the cortex under 
the screw head should not engage the 
screw threads. This can be accomplished 
by over-drilling the near cortex screw 
hole to at least the size of the outer diam- 
eter of the screw thread. 


gliding splint: A splint (such as an unlocked 
intramedullary nail) which allows for 
axial shortening. Such a splint provides 
the possibility for the re-establishment of 
bony coaptation under conditions of frag- 
ment end shortening due to bone surface 
resorption. 


goal of fracture treatment: According to 
Müller et al. [11], the goal of fracture 
treatment is to restore optimal function of 
the limb in respect to mobility and load- 
bearing capacity. The goal is, furthermore, 
to prevent early complications, such as 
reflex sympathetic dystrophy, fracture 
disease, or Sudeck’s atrophy and, in the 
case of polytrauma, multiple system organ 
failure, as well as late sequelae, such as 
posttraumatic arthrosis. 
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hematogenous: Blood-borne. 


Haversian system: The cortical bone is 
composed of a system of small channels 
(osteons) about 0.1 mm in diameter. These 
channels contain the blood vessels and 
are remodeled after a disturbance of the 
blood supply to bone. There is a natural 
turnover of the Haversian systems by 
continuous osteonal remodeling; this 
process is part of the dynamic and meta- 
bolic nature of bone. It is also involved in 
the adaptation of bone to an altered 
mechanical environment 


healing: Restoration of the original integ- 
rity. The healing process after a bone frac- 
ture lasts many years, until internal frac- 
ture remodeling subsides. For practical 
purposes, however, healing is considered 
to be complete when the bone has re- 
gained its normal stiffness and strength. 


heterograft: See allograft and xenograft. 
homograft: See allograft and autograft. 
horizontal: Parallel with the horizon. 
hypovolemia: A state where the circu- 
lating blood volume is reduced. This can 
lead to shock. 

hypoxia: A state where the oxygen level 
in the arterial blood, or in other tissue, is 
pathologically reduced. 

impacted fracture: A fracture in which the 


opposing bony surfaces are driven one 
into the other, resulting often in an in- 


herent fracture stability and usually a 
degree of angulation. 


indirect healing: Bone healing as observed 
in fractures treated either with relative 
stability, or left untreated. Callus formation 
is predominant, the fracture fragment 
ends are resorbed, and bone formation 
results from a process of transformation 
of fibrous and/or cartilaginous tissue into 
bone—see callus. 


inferior: Literally below or lesser than. In 
the anatomical position, if A is lower 
than B, A is inferior to B. The opposite is 
superior. 


inoculation: The instillation, either acci- 
dental or deliberate, of microorganisms 
into body tissues or into a culture medium. 


interfragmentary compression: Static com- 
pression applied to a fracture plane imparts 
a high degree of stability to the fragments 
and thus reduces micromotion and strain. 
Bone surface resorption does not then 
occur. There is no demonstrable proof 
that interfragmentary compression, per se, 
has any effect upon internal remodeling 
of the cortical bone [12]. 


intramedullary nail—locked or unlocked: An 
intramedullary nail provides some degree 
of stability, mainly as a result of its (flexural) 
stiffness. An unlocked nail will allow the 
fragments to slide together along the nail; 
the fracture must, therefore, be provided 
with a solid support against shortening— 
see gliding splint. For the treatment of 
multifragmentary fractures, where there 
is axial instability (the fear of collapse into 


a shortened position), the nail can be 
interlocked above and below the fracture 
locus to prevent this shortening and also 
to reduce rotational displacement. This is 
achieved by locking bolts traversing a 
locking hole prepared in the nail and 
passing through the cortex on either side 
of the nail. If the locking hole is round 
and matches the size of the locking bolt, 
then static locking has been achieved. If 
the locking hole is elongated in the nail’s 
long axis, the possibility of a limited 
excursion of axial movement is achieved, 
whilst preserving the rotational control— 
so-called dynamic locking. 


ischemia: Pathological absence of blood 
flow. 


kinetic energy—see energy transfer: The 
energy stored by a body by virtue of the 
fact that it is in motion. As energy cannot 
be destroyed, when a moving object is 
slowed or stopped, its kinetic energy is 
converted into other energy. If a moving 
object strikes a slower or stationary object, 
it imparts some of its kinetic energy to the 
body that it strikes. This may accelerate 
the other body (or parts of it), causing 
damage, or produce other energy transfer 
effects such as heat production—the 
sparks seen when a metal bullet hits a 
rock, for example. Kinetic energy is calcu- 
lated according to the formula E = mv?/2, 
where m is the mass of the moving object 
and v its velocity. 


lag screw technique: Produces interfrag- 
mentary compression by driving the bone 
fragment beneath a screw head against 
another fragment in which the screw 


threads obtain purchase The compression 
produced by a screw so inserted acts 
directly within the fracture surface and is, 
therefore, very efficient. A screw designed 
specifically for this purpose, being only 
partially threaded, is a lag screw, or shaft 
screw. A fully threaded screw used with 
an over-sized hole in the near cortex to 
prevent thread purchase in the near frag- 
ment (a gliding hole) is strictly speaking 
not a lag screw but a threaded screw used 
with a lag technique; it is, nevertheless, 
often loosely termed a lag screw. Inter- 
fragmentary compression will be reduced 
by engagement of the screw threads with 
the walls of the gliding hole. Anchorage 
in the near fragment can be avoided by 
the use of a shaft screw. This technique 
is also required to maintain efficient com- 
pression when a screw is inserted through 
the plate and across a fracture plane in an 
inclined position. 


lateral: Literally, of, or toward, the side. 
The side of the body in the anatomical 
position is the lateral aspect or surface. If 
A is nearer the side of the body than B 
(further from the midline), then A is 
lateral to B. The opposite is medial. 


lymphedema: Accumulation of edema fluid 
in the tissues as a result of poor drainage 
of the lymph, usually due to the incom- 
petence, or obstruction, of the lymphatic 
vessels. 


malunion: Consolidation of a fracture in 
a position of deformity. 


matrix: Literally, a place or medium in 
which something is bred, produced, or 


developed. In cartilage it is the substance 
between the chondrocytes. It consists of 
a network of collagen fibers interspersed 
with a “jelly” of waterlogged mucopoly- 
saccharide macromolecules (complex 
organic chemicals in large molecular 
chains). 


medial: Literally, of, or toward the middle, 
or median. The inner side of a part with 
the body in the anatomical position is the 
medial aspect or surface. If A is nearer the 
middle, or center-line, than B, then A is 
medial to B. The opposite is lateral. 


metaphysis: The segment of a long bone 
located between the end part (epiphysis) 
and the shaft (diaphysis). It consists mostly 
of cancellous bone within a thin cortical 
shell. 


methylmethacrylate: A chemical substance, 
the monomer of which can be induced 
to polymerize, producing a hard plastic. 
It can be a form of bone cement (poly- 
methylmethacrylate or PMMA), but ina 
different polymerized form it produces 
Perspex. 


microvascular: Pertaining to microscopic 
blood vessels. Microvascular tissue transfer 
is related to the technical need for an 
operating microscope to perform the anas- 
tomoses (see anastomosis). 


midline: The center line of the body in the 
anatomical position. 


Monteggia injury: A displaced ulnar frac- 
ture associated with a dislocation of the 
radial head from its articulation with the 
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capitellum. First described in the 19th 
century by Monteggia [13], an Italian 
physician. 


Morse cone: Is a cone whose walls are 
very steep and almost parallel. When a 
screw whose head with an appropriate 
undersurface is inserted in a correspond- 
ing plate hole, the screw locks rotation 
and inclination when the surgeon begins 
to tighten it. 

The three effects are: 

1. The connection is stable, 

2. Self-locking prevents stripping of 
the bone thread even in very soft 
bone. 

3. The axial pull of the plate screw is 
minimal allowing for construction 
of the internal fixator principle. 

The Morse cone connection is the basic 
element on the PC-Fix. 


multifragmentary fracture: A term usually 
reserved for fractures that have one or 
more dissociated intermediate fragments. 
See also complex fracture. 


muscle compartment: An anatomical space, 
bounded on all sides either by bone or 
deep fascial envelope, which contains one 
or more muscle bellies. The relative in- 
elasticity of its walls means that if the 
muscle tissue swells, the pressure in the 
osseo-fascial envelope can increase to 
levels which cut off the flow of blood to 
the muscle tissue, resulting in its severe 
compromise or death—so-called muscle 
compartment syndrome. 


near cortex: The cortex near the operator 
and on the side of insertion of an implant. 
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Sometimes called the cis cortex, it is usually 
a term used in relation to plating, inter- 
fragmentary screw fixation, and tension 
band wiring. In respect to bending, the 
convex near cortex contributes little to 
stability of fixation. When—for example, 
in wave plate application—the distance 
between the plate and the near cortex is 
increased, the bone and the repair tissues 
gain better leverage. 


neutralization: An implant (plate, external 
fixator, or nail) that functions by virtue 
of its stiffness is said to “neutralize” the 
effect of the functional load. The implant 
carries a major part of the functional load 
and thus diverts loads away from the frac- 
ture locus and may serve to protect a 
more vulnerable element of a fixation 
complex. An example is where a spiral 
fracture has been reduced and fixed with 
interfragmentary screws, and then a plate 
is applied to protect the primary screw 
fixation from potentially disruptive func- 
tional loads. The use of such a protection, 
or “neutralization”, plate will allow earlier 
functional aftercare than if the screw 
fixation had been left unsupported. It 
does not actually “neutralize”, but does 
minimize, the effect of the forces (see 
protection). 


opposition: The action of opposing one 
part to another; if the pulp of the thumb 
is placed in contact with the pulp of a 
finger, the movement, or action, of the 
thumb is that of opposition. 


ORIF: A widely used abbreviation for open 
reduction and internal fixation (osteo- 
synthesis). 


osteoarthritis: This is a condition which 
affects diarthrodial (synovial) joints and is 
characterized by loss of articular cartilage, 
reactive subchondral bone sclerosis (some- 
times with subchondral cysts), and the 
formation of peripheral bony outgrowths— 
osteophytes. The primary lesion is degen- 
eration of the articular cartilage as a con- 
sequence of infection, trauma, overuse, 
congenital skeletal anomaly, or as part of 
the aging process. 


osteoblast: Cells that form new bone. 
osteoblastic: Producing bone. 


osteoclast: Cells that destroy bone. Osteo- 
clasts rest in the Howship lacunae (small 
wells within the bone surface). They are 
typically found at the tip of the remodeling 
osteons, but also in all sites where bone is 
being removed by physiological processes. 


osteolytic: Resorbing, destroying, or re- 
moving bone. 


osteomyelitis: An acute or chronic inflam- 
matory condition affecting bone and its 
medullary cavity, usually the result of 
bone infection. This may be a blood-borne 
infection (hematogenous osteomyelitis)— 
usually in children or in the immuno- 
compromised, or follow an open fracture 
(posttraumatic osteomyelitis). The acute 
form, if diagnosed early and treated vigor- 
ously, can heal with no residual effects. 
If the diagnosis is delayed or treatment 
neglected, then the infection and the 
consequent interference with the local 
vascularity, can result in dead bone 
(which may separate to form one or more 


sequestra—see sequestrum) that remains 
infected in the long term because the 
defence mechanisms have no vascular 
access to it. The treatment of chronic 
osteomyelitis is surgical and includes wide 
excision of all dead and infected tissue, 
the identification of the responsible 
organism, and the delivery, both locally 
and systemically, of appropriate anti- 
bacterial agents. 


osteon: The name given to the small 
channels which combine to make up the 
Haversian system in cortical bone. 


osteopenia: An abnormal reduction in 
bone mass. This may be generalized, as in 
some bone diseases, or localized, as a 
response to inflammation, infection, 
disuse, etc.—see osteoporosis. 


osteoporosis: A reduction in bone mass. 
It is a natural aging process but may be 
pathological. It can result in pathological 
fracture (most fractures of the femoral 
neck in the elderly are due to osteoporosis 
plus minimal trauma)—see osteopenia 
and pathological fracture. 


osteosynthesis: A term coined by Albin 
Lambotte [14] to describe the “synthesis” 
(derived from the Greek for making 
together, or fusing) of a fractured bone by 
a surgical intervention using implanted 
material. It differs from “internal fixation” 
in that it also includes external fixation. 


osteotomy: Controlled surgical division of 
a bone. 


overbending (of plate): See prebending. 


palmar: Pertaining to the palm of the hand, 
e.g., the palmar fascia, the palmar aspect 
of the fingers. 


pathological fracture: A fracture through 
bone which is abnormal as a result of a 
pathological process. It may be the result 
of the application of a force less than that 
which would be required to produce a 
fracture in a normal bone. 


periosteal: Adjective derived from peri- 
osteum. 


periosteum: The inelastic membrane 
bounding the exterior surface of a bone. 
The periosteum plays an active part in the 
blood supply to cortical bone, in fracture 
repair, and in bone remodeling. It is 
continuous with the perichondrium—the 
membrane that bounds the periphery of 
the physis. 


pilot hole: If a fully threaded screw is to 
function as a lag screw, it must be anchored 
near its tip, within a threaded hole in the 
far bone fragment. The original drill hole, 
which is made prior to tapping of the 
thread in the bone, is called the pilot hole. 
Within the bone fragment near the head 
of the screw, the thread should not obtain 
purchase but should glide (gliding hole). 
A pilot hole is also prepared when in- 
serting a Schanz screw or a Steinmann 
pin. 


pin loosening: The pins of external fixator 
frames serve to stabilize the fragments of 
a fracture by linking the bone to the frame. 
Stability depends, among other things, 
upon the contact between pin and bone 


(pin—bone interface). Pin loosening occurs 
when bone surface resorption at the pin- 
bone interface takes place due to exces- 
sive cyclical loading of the bone. Stability 
is thereby reduced. However, pin loosen- 
ing is less important in respect of loss of 
stability than in respect of its deleterious 
effect in promoting pin-track infection. 


plantar: Pertaining to the sole of the foot, 
i.e., the surface of the foot which is 
“planted” on the ground. Examples are 
the plantar fascia, and the plantar surfaces 
of the toes. Plantar flexion is a movement 
at the ankle that moves the foot down- 
ward, or in a plantar direction. 


plastic deformation: If an object is de- 
formed within those limits that allow it to 
regain its original form once the deform- 
ing force is removed, it is said to have 
undergone elastic deformation. If the 
force is increased above the upper level 
for elastic deformation, permanent de- 
formity (known in engineering terms as 
“set”) is produced. When the deforming 
force is removed, the object cannot return 
to its original form. Plastic deformation, 
in the shape of a young, growing bone 
can occur without fracture following the 
application of a deforming force. The 
alteration in shape does not “rebound” to 
the original as the bone has been stressed 
beyond its elastic limit, but not to the 
point of breaking. 


polytrauma: Multiple injury to one or 
more body systems or cavities. An Injury 
Severity Score (ISS) of more than 16 is 
usually taken to indicate polytrauma. 
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position screw: One which is inserted be- 
tween two bones, or two bone fragments, 
having thread purchase in both so that 
the relative position of the two pieces of 
bone at the time of screw insertion is 
maintained. An example is the fibulotibial 
screw (diastasis screw) sometimes inserted 
to hold the fibula in its correct orientation 
to the tibia, after disruption of the inferior 
tibiofibular syndesmosis. A position screw 
does not compress the bones together, but 
maintains their anatomical relationship. 


posterior: The back of the body in the ana- 
tomical position is the posterior surface. 
If A is nearer to the back of the body in 
the anatomical position than B, then A is 
posterior to B. Equivalent to dorsal, except 
in the foot, where the dorsum is anterior 
in the anatomical position—see dorsal. 


prebending of plate: Precisely contoured 
plates, when loaded using either the 
external compression device or the DCP 
principle, produce asymmetrical com- 
pression, i.e., the near cortex is more 
compressed than the far cortex. Indeed, 
the latter may not be compressed at all 
and, in certain cases, can even be dis- 
tracted. To achieve stabilization against 
both torque and bending, compression at 
the far cortex is even more important 
than at the near cortex. To provide uni- 
form compression across the whole width 
of the bone, including the far cortex, the 
plate is applied after contouring with an 
additional bend of the plate segment 
bridging the fracture. The bend is such 
that the midsection of the plate is slightly 
elevated from the surface of the reduced 
fracture, prior to fixation to the bone and 
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the application of compression. Pre- 
bending is an important tool to increase 
stability in small and/or osteoporotic 
bones—see osteopenia. 


precise reduction: See anatomical reduction. 


preload: The application of interfragmen- 
tary compression keeps the fragments 
together until a tensile force is applied, 
exceeding the compression (preload). 


pronation: The movement of rotating the 
forearm so that the palm of the hand 
faces backward from the anatomical posi- 
tion. Pronation is also sometimes used to 
describe a movement of the foot into 
inclination away from the midline, other- 
wise called eversion; so that a pronated 
foot would bear more weight on its medial 
border than on its lateral border. 


prophylactic: Preventive. 


protection: While the term “neutralization” 
has often been used in plate and screw 
fixation, the term “protection” should 
replace it. In reality true neutralization 
cannot be achieved. In plate fixation the 
plate reduces the load placed upon the 
interfragmentary screw fixation. It there- 
fore protects the screw fixation from 
overload—see neutralization. 


proximal: Nearer to the center of the body 
in the anatomical position. The opposite 
of distal. Thus, the elbow is proximal to 
the wrist. In certain instances, it means 
nearer the beginning than the end; for 
example, in the digestive system the 
stomach is proximal to the ileum, or in 


the urinary tract the kidney is proximal 
to the bladder. 


pure depression: An articular fracture in 
which there is depression alone of the 
articular surface without split—see im- 
pacted fracture and pure split. 


pure split: An articular fracture in which 
there is a longitudinal metaphyseal and 
articular split, without any additional 
osteochondral lesion. 


radial preload: To prevent external fixator 
pin loosening, the contact zone (interface) 
between the implant and bone can be pre- 
loaded, i.e., a static compressive force is 
applied. Hitherto, preloading was achieved 
by applying a permanent bending moment 
to the pins, within their elastic range. 
Currently, the pins are designed with a 
thread and shank that automatically gene- 
rate radial preload—a tight, compressive fit 
produced by insertion of a pin slightly 
larger than the drill hole. The effect of 
radial preload is to minimize pin loosening 
and to seal the pin track so that a potential 
infection cannot reach the medullary 
cavity from outside. The amount of misfit 
between the hole diameter and the pin 
diameter should not exceed 0.05-0.I mm. 
Such a precise geometric discrepancy can 
only reliably be ensured by using self- 
cutting tips—see preload. 


radiotherapy: Treatment of pathological 
conditions, usually malignant, with ionizing 
radiation. It has been recommended in low 
dosage to discourage heterotopic bone for- 
mation. 


reduction: The realignment of a displaced 
fracture. 


Reflex sympathetic dystrophy (RSD): One of 
the names given to algodystrophy—see 
chapter 6.5 and fracture disease. 


refracture: A fracture occurring after the 
bone has solidly bridged, at a load level 
otherwise tolerated by normal bone. The 
resulting fracture line may coincide with 
the original fracture line, or it may be 
located remote from the original fracture, 
but within the area of bone that has 
undergone changes as a result of the 
fracture and its treatment. 


relative stability: See stability of fixation. 


remodeling (of bone): The process of trans- 
formation of external bone shape (external 
remodeling), or of internal bone structure 
(internal remodeling, or remodeling of the 
Haversian system). 


resorption (of bone): The process of bone 
removal includes the dissolution of mineral 
and matrix and their uptake into the cell 
(phagocytosis). The cells responsible for 
this process are osteoclasts. 


rigid fixation: A fixation of a fracture 
which allows little or no deformation 
under load—see stability of fixation. 


rigid implants: In general implants are 
con-sidered to be rigid when they are 
made of metals. The implant geometry is 
more important than the physical stiff- 
ness of the material. Most implants made 


of metal are much more flexible (less 
rigid) than the corresponding bone. 


rigidity: This term is often used synony- 
mously with stiffness. Some, for example 
Timoshenko [15], feel that its use should 
be confined to considerations of shear 
(e.g., at the interface of plate and bone). 


sagittal: Literally, pertaining to an arrow 
(sagitta is Latin for arrow); so called be- 
cause an arrow fired into the body would 
normally strike from the front and would 
thus pass in a sagittal direction. Bisection 
of the body in the sagittal plane would 
divide it into left and right halves. 


second look: The practice, in open fracture 
treatment, following débridement, of sur- 
gically inspecting the injury zone again at 
48-72 hours, to permit re-evaluation of 
the tissue excision and to conduct further 
débridement if indicated. 


segmental: If the shaft of a bone is broken 
at two levels, leaving a separate shaft seg- 
ment between the two fracture sites, it is 
called a “segmental” fracture complex. 


sequestrum: A piece of dead bone lying 
alongside, but separated from, the osseous 
bed from which it came. It is formed when 
a section of bone is deprived of its blood 
supply and the natural processes create a 
cleavage between the dead and the living 
bone. A sequestrum may be aseptic 
(sterile), as, for example, beneath a plate 
when there has been massive periosteal 
stripping and then a plate with a high 
contact “footprint” applied, killing the 
underlying bone. This is especially seen if 


a plate has been applied to the cortex at 
the same time as a reamed intramedullary 
nail has been inserted. Infected sequestra 
are formed in chronic osteomyelitis—see 
osteomyelitis. 


shear: A shearing force is one which tends 
to cause one segment of a body to slide 
upon another, as opposed to tensile forces, 
which tend to elongate, or shorten, a 
body. 


shock: A state of reduced tissue perfusion, 
usually due to a fall in intravascular 
pressure secondary to hypovolemia, over- 
whelming sepsis (gram-negative shock, 
or “red” shock), or allergic anaphylaxis. 


simple (single) fracture: A disruption of 
bone (diaphyseal, extra-articular, articular) 
with only two main fragments. 


splinting: Reducing the mobility at a frac- 
ture locus by coupling a stiff body to the 
main bone fragments. The splint may be 
external (plaster, external fixators) or 
internal (plate, intramedullary nail). 


split depression: A combination of split 
and depression in an articular fracture— 
see pure split and pure depression. 


spontaneous fracture: One that occurs with- 
out adequate trauma, usually in abnormal 
bone—see pathological fracture. 


spontaneous healing: The healing pattern of 
a fracture without treatment. Solid healing 
is observed in most cases, but malunion 
frequently results. This is how animal frac- 
tures normally heal in the wild. 
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stability of fixation: This is characterized by 
the degree of residual motion at the frac- 
ture site after fixation (i.e., very little or 
no displacement between the fragments 
of the fracture). In technical terms, sta- 
bility describes the tendency to revert to 
a condition of low energy, but this strict 
definition is not adhered to in the lingua 
franca of fracture surgery. 


stability, absolute: The compressed surfaces 
of the fracture do not displace under ap- 
plied functional load. The definition of 
absolute stability applies only to a given 
time and at a given site: some areas of a 
fracture may displace in relation to each 
other while other areas of the same frac- 
ture locus may not; different areas may 
also exhibit different displacements at dif- 
ferent times. Practically, the only method 
of achieving absolute stability consists in 
the application of interfragmentary com- 
pression. The compression results in sta- 
bility by preloading the fracture interface 
and by producing friction [16]. 


stability, relative: An internal fixation 
construct that allows small amounts of 
motion in proportion to the load applied. 
This is the case with a fixation that de- 
pends exclusively on the stiffness of the 
implant (such as a nail, or plate, bridging 
a multifragmentary fracture segment). 
The residual deformation or displacement 
is inversely proportional to the stiffness of 
the implant. Such motion is always present, 
but usually harmless, in nail fixation. 
According to the philosophy of the AO 
group, plate fixation is more reliable if 
motion can be prevented, but never at the 
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expense of the biology of the fracture 
locus—see biological fixation. 


stiffness: The resistance of a structure to de- 
formation. Under a given load, the higher 
the stiffness of an implant the smaller its 
deformation, the smaller the displacement 
of the fracture fragments, and the lower 
the strain generated in the repair tissue. 
Excessive tissue strain can interfere with 
healing. The stiffness of a structure is ex- 
pressed as its Young’s modulus of elasticity. 


stiffness and geometrical properties: The 
thickness of a structure affects deform- 
ability by its third power. Changes in 
geometry are, therefore, much more criti- 
cal than changes in material properties— 
a fact often overlooked by non-engineers. 
Thus, if flexible fixation is a goal, it can 
be achieved more effectively and in a 
more controlled manner by small changes 
of implant dimension than by using a 
“less rigid” material. 


strain: Relative deformation of a material, 
for example, repair tissue. Motion at the 
fracture site in itself is not the important 
feature, but the resulting relative defor- 
mation, which is called strain (dL/L), of 
the healing tissues. As strain is a ratio 
(displacement of fragments divided by 
width of fracture gap), very high levels of 
strain may be present within small frac- 
ture gaps even under conditions where 
the displacement may not be perceptible. 


strain induction: Tissue deformation— 
among other things—may result in induc- 
tion of callus. This would be an example 
of a mechanically-induced biological 


reaction. For those reactions triggered by 
strain, such as callus formation and bone 
surface resorption, the concept of a lower 
limit of strain, the minimum strain, is to 
be considered. 


strain tolerance: This determines the toler- 
ance of the repair tissues to mechanical 
conditions. No tissue can be formed under 
conditions of strain which exceed the 
levels of strain at which the tissue will 
rupture because of excessive elongation. 
Above such a critical level, strain will 
disrupt the tissue once formed, or will 
prevent its formation. 


strength: The ability to withstand load 
without structural failure. The strength of 
a material can be expressed as ultimate 
tensile strength, bending strength, or 
torsional strength. The local criterion for 
failure of bone, or of implants, is measured 
in units of force per unit area: stress, or 
(equivalent) deformation per unit length 
(strain), or elongation at rupture. 


stress protection: This term, initially used 
to describe bone reaction to reduced func- 
tional load [17], is used today mainly to 
express the negative aspects of any stress 
relief of bone. The basic assumption is 
that bone, deprived of its necessary func- 
tional stimulation by a reduction in its 
mechanical load, becomes less dense and 
thus less strong (Wolff’s law). Stress pro- 
tection is often used synonymously with 
stress shielding, i.e., in a purely mechanical 
sense. It is often used to characterize bone 
loss, implying a negative connotation to 
stress shielding. With regard to the internal 
fixation of cortical bone, stress protection 


seems not to play an important role, com- 
pared with vascular considerations—see 
stress shielding. The early bone loss seen 
deep to a plate, which has in the past 
been attributed to stress protection, can 
better be explained on the basis of a denial 
of blood supply to the underlying cortex, 
due to the pressure of the “footprint” of 
the plate. The resultant necrotic bone is 
then remodeled by osteons, which origi- 
nate from the well vascularized, adjacent 
cortex. This remodeling process is asso- 
ciated with temporary osteoporosis. 

Investigations of late bone loss under 
clinical conditions of internal fixation in 
the human, using quantitative computed 
tomography, show very little residual 
bone loss at the time of implant removal 
[18]. In summary, bone may react to 
unloading, but this plays a minor role in 
internal fixation of cortical bone fractures. 


stress riser: In any body subject to defor- 
mation, stress will be generated within its 
material. If any part of the body is weaker 
than the rest, there will be a concentration 
of stress (high mean stress) at this place. 
If an implant is notched by inappropriate 
handling, the area of damage will act as 
a stress riser and produce the risk of fatigue 
failure with cyclical loading. If a hole is 
drilled in a bone and then left empty, this 
too will result in high mean stress and the 
risk of fracture. With the exception of the 
LC-DCP, with its even strength, most plate 
holes represent weaker points on the plate 
than the solid sections between the plate 
holes: in a fixation with such a plate, 
where a screw hole has been left unfilled 
in the fracture zone, the empty hole acts 
as a Stress riser and also produces the risk 


of fatigue failure, or bending under high 
functional load. 


stress shielding: When internal fixation 
relies upon screws and plates, the stability 
of the construct is achieved mainly by the 
interfragmentary compression exerted by 
the lag screws. Lag screw fixation alone 
is very stable, but generally provides little 
security under functional load. A plate 
providing protection (or neutralization) is 
therefore often added. The function of 
such a plate is to reduce the levels of peak 
load passing through the lag screw fixation. 
Protection is provided by virtue of the 
stiffness of the plate. The plate shields the 
fracture’s primary fixation with screws— 
see neutralization and protection. 


Sudeck’s atrophy: One of the names given 
to algodystrophy—see chapter 6.5 and 
fracture disease. 


superior: Literally, above, or better than. 
In the anatomical position, if A is higher 
than, or above, B, then A is superior to 
B. The opposite is inferior. 


supination: The movement of rotating the 
forearm that causes the palm of the hand 
to face forward, that is restoring the hand 
to the anatomical position. Supination is 
also sometimes used to describe a move- 
ment of the foot into inclination toward 
the midline, otherwise called inversion; a 
supinated foot would bear more weight 
on its lateral border than on its medial 
border. 


synovectomy: Excision of the synovial 
membrane. 


systemic: Refers to any route for drug, 
or fluid, administration, other than via 
the gastrointestinal tract, and usually by 
injection. 


tension band: An implant (wire or plate) 
functioning according to the tension- 
band principle: when the bone undergoes 
bending load, the implant, attached to the 
bone’s convex surface, resists the tensile 
force. The bone, especially the far cortex, 
is then dynamically compressed. The plate 
is able to resist very large amounts of 
tensile force, while the bone best resists 
compressive load: this bone-implant 
composite, therefore, is ideally suited to 
resist the bending force. 


threaded hole: Discussed in conjunction 
with pilot hole. 


tibial intercondylar eminence: The area of 
the proximal tibia lying between the medial 
and lateral tibial plateaux, which is non- 
articular and bears the attachments of the 
horns of the two menisci, and of the tibial 
ends of the anterior and posterior cruciate 
ligaments, to the anterior and posterior 
tibial spines. 


torque: The moment produced by a turning 
or twisting force. As an example: torque 
is applied to drive home and tighten a 
screw. The moment is equal to the product 
of lever arm (in meters) and force (in 
Newtons) producing torsion and rotation 
about an axis (the unit of torque in Nm). 


torus: A geometrical body in the shape of 
a solid ring that in cross section is circular 
or elliptical—such as an inflated tire inner 
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tube. It is a term used in architecture to 
described the circumferential bulge seen 
at the top and bottom of classical columns. 
It has been applied to the “wrinkle” or 
“buckle” appearance seen in the com- 
pression cortex of angular fractures of 
young children’s bones (torus fracture). 


toxins: Poisonous chemicals. Some patho- 
genic organisms release powerful toxins 
when they multiply and some when they 
die. 


trabecula (pl. trabeculae): A solid bony 
strut of cancellous bone. Literally, a small 
beam or bar. 


track: Describes the path created surgically 
through tissues by the insertion of an 
external fixator pin. In that context, the 
word “track” should be used (in the sense 
of its meaning the mark, or trail, left by 
the passage of anything—Oxford English 
Dictionary). 


tract: Literally, a treatise or document 
(often religious), an anthem, an extent of 
territory, or an anatomical structure 
comprising mixed tissues organized to 
serve a specific physiological function 
(spinothalamic tract, urinary tract, etc.). 
It is commonly misapplied in discussing 
external fixator pins—see track. 


trans cortex: See far cortex. 


transverse: Across. Transverse bisection 
of the body in the anatomical position 
would divide it into upper and lower 
halves. Not the same as horizontal, which 
means parallel with the horizon. Thus, 


817 


818 


if the body were lying flat on its back 
(supine), horizontal would be the same as 
the coronal plane (see above), but if the 
body were standing, in the anatomical 
position, horizontal would be in the 
transverse plane. In other words, hori- 
zontal is always related to the horizon, 
whereas the anatomical planes (coronal, 
frontal, sagittal, transverse) always relate 
to the anatomical position. 


translation: Displacement of one bone 
fragment in relation to another, usually 
at right angles to the long axis of the 
bone—see displacement. 


union: Strictly speaking, union means “as 
one”—as in marital union, a workers’ 
union, even national groups, e.g., the 
United States. Equally strictly, if a fracture 
is fixed so that the bone functions as a 
single unit, then it has been surgically 
“united” (osteosynthesis); the bone is not, 
however, healed. Bone healing is a process 
initiated by fracture and continuing until 
the bone is restored to its final state by 
remodeling—this may take years. We 
speak loosely of a fracture being united, 
but this is not a discrete event. What we 
are saying is that a healing fracture has 
reached the point in the process of union 
when the experienced surgeon estimates 
that it can withstand normal functional 
loads for that patient. Union is, therefore, 
a judgment, usually based upon a synthesis 
of temporal, clinical, and imaging infor- 
mation. This calls into question the validity 
of “time to union”, which is reported in 
so much of the surgical literature as a 
parameter for the judgment of the com- 
parative efficacy of different treatments. 


valgus: Deviation away from the midline 
in the anatomical position. Thus, genu 
valgum is a deformity at the knee where 
the lower leg is angled away from the 
midline (knock knee). By convention, 
any deformity, or deviation, is described 
in terms of the movement of the distal 
part. 


varus: Deviation toward the midline in the 
anatomical position. Thus, genu varum is 
a deformity at the knee where the lower 
leg is angled toward the midline (bow 
leg). By convention, any deformity, or 
deviation, is described in terms of the 
movement of the distal part. 


vascularity: That property of a tissue which 
reflects the extent to which it has, or does 
not have, a blood supply. A tissue is said 
to be vascularized if its intrinsic network 
of blood vessels is connected to the main 
circulatory system. Blood vessels may be 
shut off temporarily from the circulatory 
system. If the connection to the main cir- 
culation is permanently interrupted, or if 
the vessels present are not functioning, 
e.g., obliterated by thrombosis, the tissue 
is said to be avascular, or devascularized. 
We consider a tissue to be non-vascular 
if there are normally no functioning 
vessels, as in hyaline cartilage 


vertical: Upright, perpendicular to hori- 
zontal. Derives from vertex—the top, as 
in the vertex of the skull. 


wave plate: If the central section of a plate 
is contoured to stand off the near cortex 
over a distance of several holes, it leaves 
a gap between the plate and the bone, 


which (a) preserves the biology of the 
underlying bone, (b) provides a space for 
the insertion of a bone graft, and (c) in- 
creases the stability because of the distance 
of the “waved” portion of the implant 
from the neutral axis of the shaft. Such 
plating is useful in non-union treatment. 


wedge fracture: Fracture complex with a 
third fragment in which, after reduction, 
there is some direct contact between the 
two main fragments—see butterfly frag- 
ment. 


xenograft: A graft of tissue from an indi- 
vidual of one species to a recipient (host) 
of another species. 
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Index of video sequences: see page 859 
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absolute stability 17 
blood supply recovery 24-25 
bone healing 21-23 
compressive preload 18 
friction production 18 
implants providing 19 
acetabular fractures 451-452 
AO Müller Classification 417, 420- 
424 
associated fractures 415 
classification 56, 417 
complications 435-437 
CT imaging 417 
diagnosis 415-417 
evaluation 415-417 
femoral head 419 
fixation assessment 435 
hematuria 415-416 
imaging 416-417 
internal fixation 428-435 
Letournel classification 417, 418 
open treatment 424 
operating room preparation 424 
osteoporosis 419 
pediatric 677 
postoperative management 435 
preoperative planning 419-424 
pulmonary embolism 715 


rectal examination 415—416 
reduction assessment 435 
reduction techniques 428-435 
rehabilitation 435 
screw placement 428-429 
small fragments in fossa 450-451 
surgical approaches 420-424, 425- 
428 
surgical indications 419 
treatment 419-437 
vaginal examination 415—416 
x-rays 435, 436 
acetyl cysteine 799 
acromioclavicular joint 
dislocation 262, 265 
temporary fixation 264 
acromion 273 
acromion fractures 256 
surgical treatment 260-261 
activity, postoperative 722 
acute infection 729 
antibiotics 740 
antiseptics 740 
bacteriology 735-737 
bone necrosis 731-732 
bone resporption 735 
clinical symptoms 735 
concomitant arthritis 743 
debridement 737 
delayed/late first manifestations 
730, 741, 742 
diagnosis 735 
early first manifestations 729- 
730, 735, 744 
external fixation 738 
fracture fixation technique 732-734 
fracture gap widening 735 
histology 735 
imaging procedures 735 
implant removal 738 
implant-related 730-731 


instability 735 
open wound treatment 737 
patients at risk 731 
plate fixation 733 
posttraumatic 729, 735 
preventive measures 743 
risk factors 734 
septic patients 746 
soft-tissue damage 731-732 
subcutaneous plating 741 
treatment 743 
treatment components 737-740 

adjuvant treatment, aseptic non-union 
761 

adult respiratory distress Syndrome 
(ARDS) 
prevention 79 
risk 98 

Advanced Trauma Life Support (ATLS) 
system 79 

airway, secure 82 

alcohol consumption 88 

algodystrophy 97, 797, 798 
acute phase 798-799 
bone scintigraphy 799 
chronic 801 
chronic phase 799 
diagnostic criteria 798 
exercise limitation 799 
incidence 797 
inflammatory theory 798 
muscular work 800 
paresis 799 
pathophysiology 797-798 
physical therapy 800 
psychosocial factors 798 
radiological appearance 799 
recurrence 800 
severe disability 801 
signs/symptoms 798-799 
treatment 799-801 


trigger points 800 
vasodilation treatment 800 
x-ray 799 
Allgower stitch 525 
allografts, diaphyseal non-union 758 
alpha-adrenoceptors 797-798 
ambulant patients, deep vein 
thrombosis 715 
American Spinal Injury Association 
(ASIA), 
classification 609 
aminoglycosides 623 
amoxycillin/clavulanic acid 703- 
704, 705 
amputation 84, 85-86 
aseptic non-union 761 
decision 70, 86 
dilemmas 645-646 
Hannover fracture scale 70 
incidence 617 
indications 86, 633 
major nerve deficit 66 
muscle damage 646 
open fractures 623-624 
performance 670 
planning 86 
polytrauma 670 
soft-tissue damage 645 
timing 86 
vascular injuries with open fractures 
633 
anal wink reflex 
children 677 
analgesics 719-720 
angiography, pelvic ring injuries 399 
angled blade plate 176 
femoral neck fractures 446-448 
angular deformity, correction 128 
ankle joint 539-540 
biomechanics 559-561 
collateral ligaments 560 


functional anatomy 559-561 
fusion and external fixation 246 
injuries 559 
ligamentous complexes 559-560 
load distribution 561 
malunion 792-793 
mobilization 579 
plantar flexion 561 
soft-tissue envelope 559 
soft-tissue repair 656 
triplane fracture 687-688 
weight bearing 579-580 
ankle mortise 
anatomical reduction of fibula 579 
congruity 561 
displacement 566 
incongruity 568 
restoration 793 
stability 559 
annular ligament 329-330 
ante-recurvation 458 
antebrachial cutaneous nerve 
lateral 296 
anterior cord syndrome 610 
anti-shock trousers 396 
antibiotic prophylaxis 699-700 
controlled studies 702-704 
drug selection 701 
guidelines 704 
timing 701-702 
antibiotics 
acute infection 740 
open fractures 623 
osteomyelitis 774 
resistance 701, 704 
anticoagulation 712, 714 
antiglide plate 
proximal tibial fractures 509, 515 
antiglide screws 
proximal tibial fractures 509 
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antiseptics 
acute infection 740 
osteomyelitis 774 

antithrombin IM 711 

AO classification 
comprehensive 46 
of long bones 45, 55 
soft-tissue injuries 620, 644-645 
spinal injury 607 

AO classification system 72-74 

AO Group 45 
decentralized documentation process 

46 

AO Miller Classification 620 
acetabular fractures 417, 420-424 
articular fractures 110 
children 679 
distal tibial fractures 539 
femoral shaft fractures 457 
malleolar fractures 564, 566 
pelvic ring injuries 394 
proximal tibial fractures 502 
soft-tissue injuries 108 
spinal injury 609 

AO Miller Classification of long bones 
spine injuries 54 

AO Miller Electronic Classification of 
Long Bones 49 

AO philosophy 1, 4 
implementation 1 
management protocols 1 

AO principles 2-3, 4 

apex patellae 483 

arcade of Frohse 344 

arterial injuries 
diaphyseal fractures 95, 96, 97 
emergency management 98 

arteriography 87 
children 678 
tibial fractures 519 
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arthritis 
concomitant with acute infection 
743 
infective 731 
posttraumatic 744 
arthrodesis, external fixation 246 
arthrodesis/arthroplasty 
aseptic non-union 760 
arthrofibrosis 105-106 
proximal tibial fractures 514 
arthrography, children 678 
arthroplasty 
antibiotic prophylaxis 704 
osteoarthritis with trochanteric 
fractures 444 
trochanteric fractures 444 
arthroscopic joint irrigation, septic 
arthritis 738 
arthroscopy, algodystrophy incidence 
797 
arthrosis, posttraumatic in acetabular 
fractures 437 
articular cartilage 
degeneration 110 
injury repair in adults 111 
regeneration 110 
articular fractures 105-106, 720 
anatomical reduction 3, 123- 
124, 163-164 
AO Müller Classification 110 
articular reduction 114-116 
axial malalignment 110 
biological requirements 3 
bone healing 11 
bone injury evaluation 108-110 
closed reduction 116 
compartment syndrome 108 
computed tomography 110 
concomitant fractures 108 
external fixation 113-114, 244 
external fixators 116-117 


hematoma evacuation 112-113 
injury evaluation 108 
internal fixation 105-106 
intra-articular fragmentation 116 
intra-articular reconstruction 113 
lag screw fixation 116 
ligament injury 117 
mechanisms of injury 106 
metaphyseal fragmentation 116 
multifragmentary 106 
open reduction 105-106 
osteochondral fragments 113, 114- 
115 
partial 106 
patient evaluation 108 
pediatric 678 
personality 112 
plate 116-117 
postoperative care 117-118 
postoperative immobilization 117- 
118 

precise reduction 24 
preoperative planning 112, 122-123 
rafting technique 116 
skin closure 117 
skin damage 114 
skin flaps 114 
soft-tissue injuries 106, 108, 112 
soft-tissue injury 113-114 
soft-tissue reconstruction 117 
stability 3 
stabilization 113-114 
surgery delay 114 
surgical approach 114 
surgical skin incisions 114 
swelling resolution 112-113 
timing of operation 112-114 
treatment 110-112 
vascular status 108 
X-rays 108-110, 112 

articulated tension device 150-153 


aseptic non-union 749 
adjuvant treatment 761 
amputation 761 
arthrodesis/arthroplasty 760 
atrophic 754, 755 
bone healing stimulation 761 
classification 750-754 
diaphyseal 751-754, 756-760 
etiology 749-750 
hypertrophic 751-753, 761 
instability 750 
metaphyseal 754, 755 
neuropathy 750 
non-compliance 750 
treatment principles 750-754 
treatment procedures 754-761 
vascularity 749-750 

aspirin 714 

assessment 79 

atlanto-occipital rotary subluxation of 
C1/C2 608 

atrophic non-union 754, 755 

avascular necrosis 
acetabular fractures 437 
evaluation in children 678 

avascular/avital non-union 753-754 

axial impaction fractures, bone graft 
planning 124 

axial load 187 

axial malalignment, articular fractures 
110 

axillary nerve 
256, 257, 258, 276, 277, 286- 
288, 293 


Babinsky-Froment sympathetic 
paralysis 797 


backstroke technique 208-209 
bacteria 765 
bacterial contamination, acute infection 
729 
Baumann's angle 690, 691 
bending stress 226 
Bennett's fractures 385 
biceps tendon 
interposition 280 
of long head 273 
biological plating. See bridge plating 
biomechanical basis of fracture 
management 7 
blade plate, angled 133, 135, 150-153 
bleeding, stopping 60 
blocking screws 206 
blood supply of fracture 749-750 
blood vessels 643 
Blumensaat's line 203 
Bohler's angle 583 
bolts, locking 527 
bone. See also endochondral 
ossification; Haversian 
remodeling; intramembranous bone 
formation 
allograft bank 40 
autogenous cancellous 39 
biomechanics 10-27 
brittleness 8 
child 675 
cortical 39 
corticocancellous 39 
creeping substitution 9, 733 
deproteinized 40 
development 675 
epiphyseal growth regulation 675- 
676 
exposure 643-647 
fractures 8-9 
growth 675 
heat damage 239 


immature 675 
mechanical characteristics 8 
revitalization 9 
stimuli to growth 676 
synthetic filler replacement 40 
traumatic discontinuity 8 
zone of growth 675-676 
zone of matrix formation 675-676 
bone cement 478 
bone deformation 139 
analysis 140 
bone device-associated infections 700— 
701 
bone diameter sign 213 
bone graft 39, 136 
cancellous 632 
decortication-autogenous cancellous 
771, 772 
diaphyseal non-union 757 
distal humerus fracture 310 
free vascularized 774 
open 772 
phalangeal fractures 385 
planning 124 
radial head fracture 332 
substitutes, diaphyseal non-union 
758 
tension bands 191 
vascularized for infection non-union 
775 
bone grafting 223 
avital and unstable non-union 775 
calcaneus fractures 587-588, 590 
distal humeral fractures 315 
distal radial fractures 369-371 
forearm shaft fractures 342, 348 
proximal humeral fractures 
277, 283-285, 284 
subtrochanteric fractures 464 
bone healing 10-27 
absolute stability 21-23 


complications in type C 221 
unstable conditions 13-21 
bone impactor 148-149 
bone infection, implant-associated 701 
bone loss, Hannover fracture scale 70 
bone morphogenic proteins (BMP) 758 
bone necrosis 13-14 
acute infection 731-732 
bone reconstruction in osteomyelitis 
770-774 
bone remodeling 9, 675 
plate and nail fixation 249 
bone resorption 9 
acute infection 735 
diaphyseal fracture healing 21-22 
bone stabilization, soft-tissue damage 
646-647, 648 
bone transport, external fixation 246 
bony bridging 15-16 
absence 738 
periosteal 733-734 
brachial artery 293, 308 
brachial plexus 262 
injuries 266 
brachial vein 293 
bradykinin 61 
brain injury 
early fracture fixation 668-669 
resuscitation 668-669 
bridge plating 184, 221-223 
applications 221 
callus formation 184 
clinical studies 228 
complex fractures 123 
femoral shaft fractures 463, 465 
implanting 224-227 
indirect reduction 223-224 
indirect reduction combination 249 
minimal access 227-228 
muscle envelope 227 
principles 223 
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soft-tissue factors 227-228 
splint function 226 
subtrochanteric fracture 225 
tibial fractures 523, 524, 531 
trochanteric fractures 462 
wedge fractures 123 
bridging 182 
bridging frame 
elbow 244 
bridging plate 24 
clavicular fractures 262 
fracture mechanics 13 
Brown Sequard syndrome 610 
bulbocavernosus reflex 602, 609 
bupivacaine 800 
burn out, polytrauma 662 
butterfly fractures 94 
buttress plate 176, 182 
acetabular fractures 432 
distal femoral fractures 474, 476- 
477 
proximal tibial fractures 
508, 509, 510, 515 
buttress plating, palmar 368-369 
buttressing 182 


C 


C fracture pattern, diaphyseal fractures 
95-96 
cable technique 210, 211 
calcaneal plate 586 
calcaneocuboid joint 583-585, 586- 
587, 588-589, 598 
calcaneofibular ligament 586-587 
calcaneus 
anatomy 583-585 
CT images 583-585 
intra-articular injuries 586 


malunion 793 

calcaneus fractures 583-590 
anterolateral fragment 588-589 
assessment 583-585 
bone grafts 587-588, 590 
classification 583-585 
compartment syndromes 585 
complications 590 
malunion 590 
mobilization 590 
outcome 590 
postoperative treatment 590 
preoperative planning 586 
reduction 586-587 
soft-tissue assessment 583-585 
soft-tissue flaps 586-587 
surgical anatomy 585 
surgical treatment 586-589 
tuberosity 588, 589 
tuberosity fragment 586-587 
wound healing 590 
x-rays 586, 587-588 

callus 
biomechanics of healing 15-16 
blood supply 16-21 
bony bridging 302, 733-734 
development 223 
early vascular response 17 
hard 14-15 
healing 16-21 
healing sequence 13 
irritation in diaphyseal fracture 

healing 21-22 

soft 14 
stiffness 15-16 
stimulation of formation 16 
union 3 

callus distraction 738, 772 
avital infected non-union, 

segmented bone defect 775 

diaphyseal non-union 757 


callus formation 223 
bridge plate 184 
clavicular fracture 262 
forearm shaft fractures 351 
fracture fixation 750 
plates 169-170, 170 
stimulation 13, 223 
tibial fractures 525 
cancellous autograft 
diaphyseal non-union 757 
harvesting 758 
proximal tibial fractures 506-507 
cancellous bone fractures 23 
cancellous bone graft 632 
clavicular non-union 266 
decortication-autogenous 771, 772 
distal femoral fractures 478 
cancellous bone lag screw 
malleolar fractures 573-575 
cancellous bone screws 159, 163- 
164, 171 
acromioclavicular joint dislocation 
265-266 
calcaneus fractures 588-589 
distal femoral fractures 479 
femoral neck fractures 446- 
448, 683 
fracture of calcaneus tuberosity 589 
glenoid fossa fractures 257-259 
malleolar fractures 571, 572, 574 
pediatric fractures 681 
proximal humeral fractures 
277, 279-280, 281, 283-285, 284 
proximal tibial fractures 509 
tarsometatarsal joint injuries 596 
cannulated screws 163-164 
calcaneus fractures 586 
distal radius fractures 362 
femoral head fractures 451 
femoral neck fractures 683 
glenoid fossa fractures 257-259 


pediatric fractures 681 
proximal tibial fractures 508 
talar fractures 592 
capillary system, 
endothelial permeability impairment 
61 
capsulotomy of hematoma in femoral 
neck fractures 445 
car design 94 
carbon composites 33 
carbon fiber rods 242 
carbon fiber tube 238 
carpal tunnel decompression 358, 363- 
365 
carpal tunnel syndrome 
algodystrophy incidence 797 
carpometacarpal joint, thumb 382, 384 
cartilage, motion effects on healing 
117-118 
Cassebaum rating 319 
cast fixation 
distal radial fractures 373 
cast/casting 
diaphyseal fractures 97-98 
forearm fractures 349 
pediatric fractures 680 
tibial shaft fractures 687 
cauda equina lesion 610 
causalgia 797-798 
cefazolin 741 
central cord syndrome 610 
cephalic vein 274-275 
cephalosporins 623, 701-704 
ceramics 33 
cerclage wiring 21 
fracture of calcaneus tuberosity 589 
olecranon fractures 325 
patella 488-490 
removal of patellotibial 495 
skin irritation 495 


temporary for surgical reduction 
153 
cervical cord injuries 609 
cervical disruption, soft-tissue subaxial 
612 
cervical injuries 
displaced 610, 611-612 
non-displaced 610, 612 
spinal cord injury 612 
spine 255 
stable 612 
subaxial 608-609, 611, 612 
unstable 610 
cervical spine 
abnormalities 603 
control 601 
immobilization 82 
radiological evaluation 602-603 
chest injury 
femoral shaft fracture early fixation 
669-670 
children 
bone 675 
classification of fractures 678 
clinical examination 677-678 
external fixation of fractures 243 
femoral fractures 682-685 
fixation types 681 
forearm fractures 691-694 
fracture types 677 
humerus fractures 689-691 
multiple trauma 694-695 
tibial fractures 685-688 
treatment of fractures 680 
Chinese flap 652 
chondroblasts 14 
chondrocytes 15-16 
chondrolysis, acetabular fractures 437 
Chopart's joint 598 
chronic infection 765 
antibiotics/antiseptics 774 


bacteriology 768 
bone reconstruction 770-774 
diagnosis 767-768 
histology 768 
imaging 767, 776 
intramedullary nailing 776 
plate osteosynthesis 776 
soft-tissue coverage 774 
treatment 769, 774 
cigarette smoking 88 
ciprofloxacin 740, 741, 744 
circular frame 531 
circulation, phase 82 
circulatory disturbance 726 
circumflex artery 257, 258 
humeral 274 
anterior 273 
posterior 293 
clamps, reduction 143-147 
classification of fractures 45—46 
accurate description 46 
acetabulum 56 
binary concept 48 
binary questioning 49, 53 
bone segment coding 49-50 
coding of diagnosis 49-50, 51 
data acquisition, storage and 
retrieval 46 
distal femur 53 
foot 56 
fracture center 50 
groups 47, 48-49, 53 
long bones 46, 50-53 
modifiers 49, 53 
multifragmentary 52 
pelvic ring injuries 55-56 
plan 47-48 
principles 46-49 
qualifications 49 
qualifiers 53 
simple 52 


825 


826 


soft-tissue injuries 54 
soft tissues 46 
spine injuries 54 
subgroups 47, 48-49, 53 
terminology 56 
types 47, 48-49, 51-52 
classification schemes 84-85 
fractures with soft-tissue injuries 
67-75 
limitations of systems 72 
usage 74 
clavicle 
osteotomy 781 
soft tissue evaluation 267 
clavicular fractures 261 
assessment 261-262 
bridging plate 262 
cancellous bone grafting 262 
displaced lateral 262 
fixation 260 
lateral 263, 264 
operative fixation indications 261- 
262 
painful non-union 262 
preoperative planning 262 
scapular neck fracture combination 
260 
surgical anatomy 262 
surgical treatment 262 
clavicular non-unions 266-267 
clindamicin 744, 745 
closed fractures 
acute infection risk 731-732 
external fixation 243 
order for treatment 198-199 
soft-tissue injury 84-85 
closed reduction 
femoral neck fractures 446 
pediatric fractures 680 
proximal humeral fractures 
274, 279, 281-283 


talus fractures 591-592 
closed treatment 
children 680 
closed wedge osteotomy 792 
closed wedge technique 788-789 
clostridial infections 619, 623 
clotting cascade 60 
cloverleaf plates 
distal tibial fractures 544 
proximal humerus 277 
coagulation system 
reamed nailing 197 
cobra head plate 176 
collagen 61 
fibrils 13-14 
subendothelial structures 60 
collateral ligament 
radial head 329-330, 333 
Colles’ fracture 
algodystrophy incidence 797 
communication, surgeon-patient 89 
compartment, definition 63 
compartment pressure, nailing 208-209 
compartment syndrome 62-64, 84 
abdominal 668 
anticoagulation 712 
articular fractures 108 
calcaneus fractures 585 
clinical manifestations 63 
definition 62 
diagnosis 63-64 
diaphyseal fractures 95, 96, 97 
distal femoral fractures 469 
distal humeral fractures 308 
distal tibial fractures 539 
femoral shaft fractures 465, 669 
forearm 374 
management 63, 64 
mechanism 62 
occurrence 67 
pathology 62 


polytrauma 661 
radial shaft fracture 225 
risk 63, 64-66 
risk with distal humeral fractures 
316 
risk with open fractures 633 
soft-tissue damage 645 
surgical stabilization of tibial shaft 
fracture 687 
tarsometatarsal joint injuries 594 
tibial fractures 519 
tissue necrosis 63 
tissue pressure Measurement 63-64 
Tscherne classification of closed 
fractures 69-70 
complement system 60 
complex deformities 
preoperative plan drawing 128 
progressive correction 129 
complex fractures 52 
bridge plate 123 
Complex Regional Pain Syndrome 
(CRPS) 798 
compression 
DCP 181 
forces 187 
implants 21 
interfragmentary 177, 781 
LC-DCP 181 
overbending 180-181 
plate function 20 
tension band 190 
tension device 179-180 
compression device 2, 299 
compression plate 179 
hypertrophic non-union 752-753 
simple fractures 123 
compression screws 
femoral neck fractures 446-448 
malunion 592 
proximal humeral fractures 283 
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talar fractures 592 
Y-shaped intercondylar humeral 
fracture 691 
compressive preload 18 
compressive stockings 713 
computed tomography 


malleolar fractures D 
572, 574, 577, 578 
talar fractures 592 
tarsometatarsal joint injuries 
595, 596 
cortex screws 171 


DAD. See distal aiming device (DAD) 
Darrach procedure 351 
DCP 260 


articular fractures 109 
computed tomography (CT) 
articular fractures 110 
children 678 
triplane fracture 687-688 
condylar buttress plate 176 
condylar plate 176, 461 
distal femoral fractures 474, 476- 
477, 479 
distal radial fractures 366 
femur valgization 786 
minimal access plating 152 
trochanteric fractures 443, 462 
condylar screw 176 
continuous passive motion (CPM) 
111, 117, 720-721, 722-723 
distal humeral fractures 316 
knee 495 
contractures, ischemic 63 
conus lesion 610 
coracoacromial ligament 273 
coracoclavicular fixation 
acromioclavicular joint dislocation 
265 
coracoid process 273 
osteotomy 261 
coracoid process fractures 256 
surgical treatment 260-261 
coronoid process 
avulsion 324 
fixation 334 
corrosion 36 
cortex lag screws 
calcaneal fractures 588-589 


acetabular fractures 434 
acromioclavicular joint fixation 264 
distal femoral fractures 473 
glenoid fossa fractures 257-259 
pediatric fractures 681 
proximal humerus 277 
tibial tuberosity fracture 685 
cortical bone 
heat necrosis 732 
necrosis 733-734 
cortical bone screw 157, 159 
threaded 159-160 
cortical drift 676 
cortical grafts 116 
cortical step sign 213 
corticocancellous bloc 
proximal tibial fractures 506-507 
corticocancellous grafts 116 
corticosteroids 87-88 
creeping substitution 733 
cross leg flap 650 
cruciate ligaments 117 
CT. See computed tomography (CT) 
CT scanning 85 
cubitus valgus 691 
cubitus varus 691 
cuboid fractures 598 
cytokines 60 
polytrauma 661 
proinflammatory 64 


application technique 171-172 

bone healing 173 

buttressing 182 

clavicular non-union 266 

compression 181 

design 170-172 

distal humeral fracture 315 

distal radial fractures 366 

distal tibial fractures 554 

drill guides 171-172 

femoral shaft fractures 463 

forearm shaft fractures 346 

Galeazzi fracture 351 

humeral shaft fractures 297 

olecranon fractures 327, 328 

proximal tibial fractures 503- 
506, 508 

ruptured pubic symphysis 404 

sacroiliac instability 407 

screw holes 170-171, 173 

screws 171-172 

sizes 170 

tibial fractures 520, 523, 524 

transsymphyseal instability 402 


DCS 462 


distal femoral fractures 

472, 474, 475 
femoral shaft fractures 461, 465 
trochanteric fractures 443, 462 


débridement 


acute infection 737 

avital and unstable non-union 775 
cancellous autograft 772 

chronic osteomyelitis 769 


828 


hypertrophic infected non-union 
774-775 
open fractures 622-624, 681 
pathophysiological rationale 61 
soft-tissue damage 646, 647, 648- 
649 
soft-tissue injuries 66-67 
staged 624 
decision making 79, 121 
decortication, diaphyseal non-union 
756-757 
decortication-autogenous cancellous 
bone graft 771, 772 
deep vein thrombosis 709 
acetabular fractures 435-437 
ambulant patients 715 
diagnosis 712 
investigations 710 
prophylaxis 712-714 
spinal injuries 715 
surveillance 712 
definitive care 82-91 
deformation 33 
deformity 
angular 128-129 
complex 127 
simple 127 
deformity correction 
intra-articular 127 
location 128 
preoperative planning 127 
rotational 127, 128-129 
degloving injury 667 
delayed union 749, 750-751 
treatment 751 
deltoid ligament 591, 592 
exposure 574 
injuries 573 
rupture 563, 578 


demineralized bone matrix 758 
dermatofasciotomy 62, 64 
dermatome examination for spinal 
injury 602 
DHS. See dynamic hip screw (DHS) 
diabetes, insulin-dependent 87-88 
diagnosis 121 
diaphyseal deformity and shortening 
780 
diaphyseal fractures 
absolute stability 21-22 
ARDS risk 98 
arterial injuries 95-98 
biological requirements 3 
bone healing 11 
bone quality 96 
C fracture pattern 95-96 
cast 97-98 
children 677 
compartment syndrome 95, 96, 97 
external fixation 96, 99-100 
fixation 626 
fixation stability assessment 100 
fixation techniques 99-100 
fracture gap 21-22 
fragments 139 
healing histological sequence 22 
incidence 94 
internal fixation 98 
life saving procedures 96-97 
life-threatening injuries 96 
limb saving 97 
load transmission 100 
locked intramedullary nails 123 
management 93 
nailing 96, 99 
non-operative treatment 97-98 
open 98, 99 
open reduction 98 
operative fixation 96, 98 


operative treatment 98-99 
osteoporosis 94, 96 
patient history 95 
patient outcome 100 
patient status 95 
patterns of injury 94-95 
physiotherapy for muscle 
rehabilitation 100 

plating 96 
posstoperative care 100 
preoperative planning 99, 122-123 
radiographic evaluation 95-96 
reduction techniques 99-100 
soft-tissue injuries 95, 96 
stability 2, 3 
stabilization 97 
surgical approach 99 
swelling 98 
timing of operative treatment 98 
traction 97, 98 
type A 223 
type C 221, 223 
weight bearing combinations 100 
X-rays 95 

diaphyseal non-union 751-754 
allografts 758 
bone graft substitutes 758 
bone reconstruction 756-762 
callus distraction 757 
cancellous autograft 757, 758 
decortication 756-757 
external fixation 760 
free vascularized bone graft 757 
intramedullary nailing 760 
osteoperiosteal petalling 757 
plating 759 
shingling 756-757 
stabilization 759 
treatment 756-760 

diaphyseal reduction and fixation 116- 
117 


diaphysis 
angular deformity reduction 677 
comminution 116-117 
external fixators 239-240 
functions 93 
growth patterns 676-677 
muscular envelope 223-224 
diarthrodial joints 105-106 
dimethylsulfoxide (DMSO) 798 
cream 799 
disability, phase 82 
distal aiming device (DAD) 214, 216 
distal femoral nail (DFN) 
distal femoral fractures 478 
distal interlocking without fluoroscopy 
214 
distraction 223-224 
distraction osteogenesis 39 
distractor 143, 198-199, 206 
tibial fractures 527-528, 529 
Donati suture 525 
Doppler ultrasound 
deep vein thrombosis 710 
soft-tissue injuries 66 
dorsalis pedis artery 595 
double-incision technique of Mubarak 
64 
dressings 719-720 
drilling, bone heat necrosis 732 
dynamic compression plate. See DCP 
dynamic condylar screws. See DCS 
dynamic hip screw (DHS) 442 
proximal femur malunion 131-132 
trochanteric fractures 443 
dynamization 16 
femur and tibia 215 


E 


edema, interstitial 62 
elbow 
articulations 323 
bipolar fracture dislocation 337 
bridging frame 244 
complex injuries 334-337 
dislocation/subluxation 691 
fractures 308 
fracture, children 689-691 
fracture dislocation 337 
immobilization intolerance 308, 315 
malunion 691 
range of movement 316, 341 
structural anatomy 323 
total replacement 316 
valgus trauma 691 
elbow dislocation 
radial head fractures 329 
elbow exercise 
humeral shaft fractures 302 
elderly patients 
femoral neck fractures 446 
osteoporotic fracture of calcaneus 
tuberosity 589 
prosthetic replacement of humerus 
286 
proximal humeral fractures 283 
electromagnetic stimulation 761 
electromyography 424 
embolization 396 
emergency Management 83 
Ender nail 196 
endochondral ossification 14, 15-16 
energy dissipation 
gunshot injuries 634 
Enterococcus 619 
environmental factors 86, 89 
facilities 89 


rehabilitation 89-90 
epiphyseal artery, lateral 445 
epiphyseal growth regulation 675-676 
epiphysis, capsular tissues 223-224 
equinus deformity 579 
Essex-Lopresti joint depression 583 
external fixation 

acute infection 738 

ankle fusion 246 

arthrodesis 246 

articular fractures 113-114, 244 

bone transport 246 

change to internal fixation 245 

children's fractures 243 

closed fractures 243 

diaphyseal fractures 96, 99-100 

diaphyseal non-union 760 

distal femoral fractures 478 

distal radial fractures 366-367, 371 

distal tibial fractures 543 

distraction osteogenesis 246 

femoral shaft fractures 96-97, 461 

fixator first 240, 241 

forearm shaft fractures 349 

humeral shaft fractures 292, 300 

hypertrophic infected non-union 

774-775 

Ilizarov fixator 770 

indications 242 

infection 246 

joint bridging 244-245 

limb lengthening 246 

long bone stabilization 667 

open fractures 242, 625, 629 

osteomyelitis 770 

osteotomy 246 

pediatric fractures 682, 695 

pelvis 402 

pin-track care 245 

pin-track infections 667 

pin-track problems 99-100 
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polytrauma 243, 667 hybrid 236-237 Farabeuf clamp 146, 147 
postoperative treatment 245 interfragmentary lag screw fixation farming accidents 
proximal tibial fractures 499, 508 244 contamination 66 
reduction 240 K-wires 726 infection risk 64—66 
soft-tissue contusion 228 management 83-84 open fractures 623 
soft-tissue damage 646 metaphysis 240 fascia, granulation 643 
soft-tissue flap obstruction 99 open fractures 625 fasciocutaneous flaps 632, 643 
stability 13 pelvic instability 395-397 fasciotomy 84 
surgical reduction 154 pelvic ring 667 femoral distractor 150-153 
tibial fractures 531 pin insertion technique 238- femoral fractures 

complications 533 240, 374 distal pediatric 685 

delayed union 533 pin-track infection 629 early fixation 664 

implant choice 531-532 pin-track osteomyelitis 743 femoral head 

pin-track infection risk 533 pinless 626, 629 arthroplasty 448 

plantar flexion contracture removal 725, 726 blood supply 445 

prevention 532 small 234, 235 damage in acetabular fractures 419 

postoperative care 533 standard tubular 234, 235 necrosis 449 

preoperative planning 531 stiffness 33 subluxation 677 

reduction techniques 531 surgical technique 238 femoral head fractures 449-452 

safe zones 531 systems 234 avascular necrosis 452 

surgical anatomy 531 tension bands 190, 191 CT scans 449-450, 451-452 
tibial shaft fractures 687 tolerance 88 hip arthrodesis 452 
timing 245 transarticular 625 internal fixation 451 
transarticular bridging 470 transpubic instability 399 mobilization 452 
tubular system 770, 773 tubular 246 open reduction 451 

external fixator 79, 233 types 236-238 outcome 452 

advantages 233 unstable elbow 244 postoperative management 452 
articular fractures 116-117 external ring fixator 625 posttraumatic arthrosis 452 
biomechanics 233 external splinting 11 small fragments 450-451 
blood supply damage 17 children 681 split 451-452 
components 233-235 external stabilization surgical treatment 450-452 
compression in malunion 781 pelvic ring injuries 401 total joint replacement 452 
constructions 235 weight bearing 452 
diaphyses 239-240 x-rays 449-450 
disadvantages 233 F femoral nail, unreamed 669 
emergency fixation 222 femoral nailing, antegrade 459-460 
femoral shaft fractures 465- leg positioning 204 

467, 669 Factor V Leiden 711 reduction 204 
flexible fixation 12-13 family starting point preparation 201 
frame construction 240-242 involvement 88 femoral nailing, retrograde 


frame stiffness 235 understanding of injury 89 floating knee 204 


starting point planning 203 
femoral neck fractures 445 
abduction fractures 446 
angled blade plate 446-448 
bone quality 446-448, 449 
children 682-683 
closed reduction 446 
elderly patients 446 
femoral head necrosis 449 
fixation failure 449 
hip fusion 449 
internal fixation 445, 446 
internal rotation 446 
intertrochanteric flexion osteotomy 
449 
intracapsular hematoma 445 
mobilization 448 
osteoarthritis 448 
osteotomy 130-131 
polytrauma 446 
postoperative management 448-449 
prosthetic replacement 446, 449 
risk 445 
surgical treatment 446-448 
traction 446 
valgus osteotomy 448, 449 
vertical shear fracture 448 
with femoral head fracture 451-452 
x-rays 446 
femoral nerve 426 
femoral shaft fractures 97, 98 
aftercare 464 
ambulation 464 
approaches 459-461 
children 683-685 
classification 457 
closed reduction 459 
compartment syndrome 465, 669 
complications 464-465 
diagnosis 457 
distractor application 459 


early fixation 669-670 
external fixation 96-97 
external fixator 465-467, 669 
implant 461 
infection rate with reamed 
intramedullary nailing 197 
intramedullary nailing 
458, 459, 682 
locked intramedullary nailing 669 
malunion 788 
nailing 667, 669, 670 
neurovsacular function assessment 
457 
non-operative treatment 98 
osteosynthesis positioning 458 
osteotomy 788 
physiotherapy 464 
pin-track infection risk 461 
plate fixation 464 
plating 460, 461, 669 
positioning 459 
preoperative planning 458-461 
primary intramedullary nailing 669 
reduction 459 
soft-tissue damage 457, 461 
stabilization 96-97 
staged surgery 670 
surgical treatment 462-464 
x-rays 457, 458 
femoropatellar alignment disorders 484 
femoropatellar joint, forces 485-486 
femur 
anatomy 457 
approach for intramedullary nailing 
202 
dynamization 215 
greater trochanter avulsion 188 
LISS 251-252 
malunion 786-790 
pediatric fractures 682-685 
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proximal landmark 200 
rotation 211 

soft-tissue structures 457 
synovial pseudarthrosis 754 
tension band plate 183-184 
valgization 786 


femur, distal 


anatomy 469 


femur, distal fractures 


approaches 471, 472 

associated fractures 469 

classification 53, 470 

clinical findings 469 

complications 478-479 

diagnostic tools 469 

fixation 470 

fixation techniques 473—478 

imaging 470 

implants 473-478 

incidence 469 

intra-articular fragmentation 
472, 473 

malunion 788-790 

nerve injuries 469 

operative technique 470 

operative treatment 470—478 

reduction 470-471 

screw fixation 474 

stabilization 470 

timing of operation 470 

valgization osteotomy 789 

varus/valgus deformities 789 

vascular lesions 469 


femur, metaphyseal fractures 207 
femur, proximal 


AO Müller Classification 441 

classification of fractures 52 

malunion 786-788 

three-dimensional subtrochanteric 
osteotomy 787 

trochanteric fractures 441-444 
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valgization 760 
fibrin 13-14, 60, 700 
fibroblasts 61 
fibrocartilage 111 
fibronectin 61, 700 
fibrosis 61 
joint 105-106 
fibula 
anatomical reduction 579 
complex fracture 222 
distal aspect 559 
length restoration 580 
malrotation 579 
oblique fracture 565 
reconstruction 569-570 
shortening 793 
transverse avulsion fracture 565 
fibula-pro-tibia procedure 753-754 
fibular fractures 530, 534 
infrasyndesmotic injury 570-572 
reduction 545 
fibular nerve, superficial 569, 570 
fibular osteotomy, hypertrophic non- 
union 753 
fibulectomy fasciotomy 64 
fibulotibial syndesmotic positioning 
screw 577 
figure-of-eight loop 189 
patellar fracture 191 
proximal humeral fractures 278 
fillers 
bone-inducing substances 40 
synthetic 40 
fixation devices 
axial shortening 16 
diaphyseal fracture type C 223 
open fractures 625 
fixation of fractures 1-2 
fixation types 
pediatric fractures 681 


fleck sign 594 
flexible fixation 11 
callus formation stimulation 16 
mechanics 12 
"floating" joint 96 
floating shoulder 256 
flucloxacillin 744, 745 
fluid resuscitation 82 
foot 
displaced fractures 583 
fracture classification 56 
soft-tissue repair 656 
foot plate 532 
forceps 
pinless fixator 237 
forces 
application 81 
direct 94, 106 
indirect 94, 106 
indirect rotational 94 
forearm fractures 97, 323 
malunion 785-786 
pediatric 691-694 
rotation 348 
soft-tissue damage 652 
x-ray 323 
forearm, proximal 
fracture classification 323 
injuries 323 
forearm shaft fractures 
approaches 342-344 
assessment 341 
bone grafting 342, 348 
both-bone fracture 341, 347, 352 
callus formation 351 
complications 349 
fracture dislocations 350 
goals of treatment 341 
imaging 341 
implant choice 346-347 
implant removal 349 


indications for surgery 341 
malrotation 349 
non-union 353 
open 349 
osteosynthesis 347, 351 
palmar approach 345 
Henry 344 
pediatric 694 
plate fixation 346 
positioning 342 
postoperative treatment 349 
preoperative planning 342 
pseudarthrosis 349, 353 
reduction 345 
refracture after implant removal 
353-354 
rotational deformity 341-355 
surgery timing 341-342 
surgical anatomy 342 
surgical treatment 347 
synostosis 351 
torsional force neutralization 346 
wound closure 348 
fracture 
classification 85 
secondary 725 
stability 85 
fracture disease 
avoidance 97 
thromboembolism 711 
fracture fixation 4 
technique for acute infection 732- 
734 
fracture gap 
widening 735 
fracture healing 
bone stiffness 33 
induction 23 
fracture management 83-84 
fracture mobility 
reduction 33 


fracture reduction 4 
precision 24 
fracture stabilization 
external fixation 13 
fracture table 143 
fracture zone 140 
fractures 
absolute stability of surgical fixation 
17 
blood supply 9 
blood vessel rupture 8 
conservative treatment 10 
inflammation 13-14 
loading modification 13 
mechanical effects 8 
mechanical requirements 7 
without surgical stabilization 10-11 
without treatment 10 
fragment displacement 139, 140 
fragment screws 
calcaneal fractures 586 
femoral head fractures 451 
fragmentation 139 
free flaps 632, 652 
free radical scavengers 798, 799, 801 
friction production 18 


G 


gait, normal 583 
Galeazzi fracture 341-342, 350-351 
gentamicin-PMMA beads 739 
genu recurvatum 
distal femoral fractures 478—479 
progressive deformity 685 
Gerdy’'s tubercle 502 
Gissane's angle 588-589 
Glasgow Coma Scale (GCS) 668-669 


Glasgow Outcome Scale (GOS) 668 
glenohumeral dislocation 278-279 
glenohumeral function 273 
glenoid fossa fractures 257 
glenoid fragments 257 
glenoid rim fractures 256, 257 
glues 40 
gluteal artery, superior 415-416 
gluteal neurovascular bundle 431 
glycocalyx 765 
granulation 
management 644 
soft-tissue damage 648 
tissue 13-14, 642, 765 
tissue repair 643 
granulocytes 61 
greater trochanter 457 
femoral nailing 459-460 
Greenfeld filter placement 419-420 
groin flap 650 
growth factors 61, 758 
growth plate 675 
external fixation of pediatric 
fractures 682 
growth-plate injuries 
children 677 
non-displaced 678 
guide wires 
operative steps 134-136 
preoperative planning 132, 133 
retrograde femoral nailing 203 
gunshot injuries 
high-velocity weapons 636 
low-velocity weapons 634, 636 
neurovascular assessment 636 
open fractures 634-636 
soft-tissue injuries 636 
Gustilo and Anderson classification 67- 
69, 74, 619-620 
Guyon's canal 366 
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S 


H-plate 
calcaneal fractures 586 
half pin frame 531 
half pins, tibial fractures 531 
halo hacket 612 
halo traction 610 
cervical injuries 610—611 
hand fractures 
complications 387 
implants 382 
patterns 379 
postoperative treatment 387 
preoperative planning 382 
results of internal fixation 387 
stable skeletal fixation 379 
surgical anatomy 380-382 
surgical approaches 383-389 
surgical treatment 383 
treatment goals 379 
hand, soft-tissue damage 652 
hangman's fractures 608, 611, 612 
Hannover fracture scale 70, 620 
Haversian canals, obstruction 733-734 
Haversian remodeling 9, 22, 23 
Hawkins type fractures of talus 591- 
592, 594 
healing 
bone fragment vascularity 223 
direct 725 
direct without visible callus 17 
indirect 725 
type C fracture 223 
healing process 60 
inflammatory phase 60-61 
pathophysiological responses 60-61 
proliferative phase 61 
reparative phase 61 
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heel 
flap coverage 656 
hemarthrosis, patellar fractures 
483, 484 
hematoma 
femoral neck fractures 445 
malleolar fractures 568 
hemiarthroplasty, proximal humeral 
fractures 281, 285 
hemisoleus flap 653, 654 
hemodynamic instability of pelvic 
origin 394 
hemorrhage, polytrauma 665 
hemostasis, emergency for pelvic ring 
injuries 395 
Henry approach 363-365. See also 
forearm shaft fractures, palmar 
approach 
Henry incision 342, 343 
heparin 714, 715 
hepatitis B 88 
hepatitis C 88 
high-energy trauma 255, 617 
children 677 
management 641 
open fractures 617-618 
skeletal frame exposure 643 
spinal fractures in children 677 
Hill-Sachs lesions 281 
hindfoot 583 
function assessment 590 
soft tissues 591 
hip arthrodesis 452 
hip dislocation, acetabular fracture 
association 416 
hip fractures, thromboembolism 715 
hip fusion, femoral neck fracture 449 
hip joint 
rotation 458 
traumatic dislocation 449-450 


hip replacement, total 
fatal pulmonary embolism 710 
osteoarthritis with trochanteric 
fractures 444 
HIV infection 88 
Hohmann retractor 147-148, 149, 286- 
288 
hooks 
closed reduction of proximal 
humerus 274 
fracture of calcaneus tuberosity 589 
proximal humerus fractures 281 
hormone replacement therapy 
pulmonary embolism 711 
hospital discharge 724 
preparation 723 
humeral circumflex artery 256 
humeral fractures 
malunion 689 
medial condylar 691 
pediatric 689-691 
supracondylar 689-691, 690 
Y-shaped intercondylar 691 
humeral head 292 
avascular necrosis risk 283, 286 
impaction fractures 281 
humeral shaft fractures 
angulation 291 
antegrade approach 294, 295 
anterolateral approach 295, 297 
anterolateral extensile approach 296 
assessment 291 
callus bridge formation 293, 302 
cast 97 
closed nailing 297 
complications 302 
compression device 299 
conservative management 291 
distal dorsal approach 295, 298 
dorsal approach 295 
elbow exercise 302 


external fixation 292, 300, 301 
functional bracing 291 
implant choice 297 

incidence 291 

intramedullary nailing 

292, 293, 294, 295, 299 

clinical results 302, 303 

indications 303 

interlocking 299-300 
malunion 291-292 
mobilization 302 
non-union 291-292 
ORIF 297 
osteosynthesis 292 
pediatric 689 
plate fixation 291- 

292, 295, 297, 299, 302 
postoperative treatment 302 
preoperative planning 295 
proximal transdeltoid approach 295 
reduction techniques 295-297 
resistive exercises 302 
retrograde approach 294 
retrograde nailing 300, 302 
shoulder exercise 302 
soft tissues 291 
surgical anatomy 292 
surgical stabilization 291 
surgical treatment 297 
transdeltoid approach 295 
vascular injuries 291 
x-rays 291 

humeral shaft, shortening 93 

humerus 
greater tuberosity avulsion 188, 189 
lateral condyle 343 
lateral epicondyle 342-344 
muscle compartments 292 
osteotomy 782-783 
synovial pseudarthrosis 754 


humerus, distal 307 
assessment of fractures 308-309 
bone graft 310 
Cassebaum rating 319 
classification of fractures 308 
compartment syndrome 308, 316 
complications 317 
crushing injuries 308 
débridement 317 
degloving injury 308 
dislocation 313 
fixation failure 317 
fracture prognosis 307 
fracture type 307 
heterotopic ossification 308 
imaging 309 
implant choice 313-315 
infection 317 
injury mechanisms 308 
internal fixation 315, 318 
joint fixation 307 
lateral condylar fractures 690, 691 
malunion 783 
multifragment fracture 314 
neurovascular problems 308 
non-union 317 
osteoporosis 308 
pediatric fractures 689-691 
plate fixation 313, 314, 315 
plates 310 
positioning for surgery 310-313 
postoperative treatment 316 
preoperative planning 309-315, 310 
reduction techniques 313 
results of surgery 317-319 
skin necrosis 308 
soft-tissue assessment 308-309 
soft-tissue injuries 307 
stiffness 317 
surgical anatomy 309 
surgical approach 310-313 


surgical treatment 315-316 
trochlear involvement 313 
ulnar neurapraxia 317 
varization-extension osteotomy 784 
varus/valgus deformities 783 
vascular injuries 307 
x-rays 309 
humerus, proximal 689 
approaches 274 
articular C fractures 283-285 
avascular necrosis risk 273, 277 
bifocal B fractures 281-283 
bone grafts 277, 283-285, 284 
bone quality 272 
classification of fractures 52, 271 
closed reduction 274, 279, 281-283 
complications 286 
deltopectoral approach 
274, 278, 280, 281, 283 
exercise program 285 
extra-articular unifocal A fractures 
277 
fracture assessment 271-272 
fracture dislocation 287 
glenohumeral dislocation 278-279 
implant positioning 286 
implants for osteosynthesis 277 
infection 288 
instruments for osteosynthesis 277 
malunion 286, 782 
multifragmentary fractures 281 
nerve lesions 286 
non-union 286 
open reduction 281-283, 284 
passive motion 285 
postoperative treatment 285, 287 
preoperative planning 274 
prosthetic replacements 
277, 285, 288 
range of motion 286, 287 


sling immobilization 277 
surgery indications for fractures 272 
surgical anatomy 273 
surgical treatment 277 
transdeltoid lateral approach 
276, 277 
x-rays 271 
hyaline cartilage 105-106 
fracture 110 
healing 111 
injury 111-112 
hyaluronic acid 105-106 
hybrid ring fixator, distal tibial fractures 
543 
hydroxyapatite 758 
sintered 40 
hyperemia, zone 81 
hyperhidrosis 798 
hypertrophic non-union 751-753 
nailing 761 


iliac bone gralt, distal radius fractures 
371 
iliac crest 426, 427 
iliac wing instability 406 
iliofemoral approach, extended, 
to acetabular fractures 
420, 423, 424, 427, 435 
ilioinguinal approach to acetabular 
fractures 
420, 422, 424, 426, 435, 436 
iliosacral screw fixation 409 
ilium, fracture dislocation 406 
Ilizarov fixator 770 
Ilizarov technique 129 
image intensification, high-quality 89 
imaging, children 678 
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immobilization 1, 712 
immune deficiencies, implant removal 
726 
impact, velocity 80 
impingement syndrome 782 
implant length 199-201 
implant materials 
biocompatibility 37-38 
filling defects 39-40 
high strength alloys 38 
internal fixation 33 
new metallic 38 
shape memory alloys 38-39 
implant removal 725 
indications 726 
timing 726 
implant-related infection 730-731 
elimination 765 
implants 
absolute stability 19 
allergic reactions 38 
biodegradable 39, 495 
biodegradable for patellar fractures 
487 
choice for tibial fractures 524 
corrosion resistance 36 
dead space 37 
degree of unloading 33-34 
dimensions 33-35 
distal humeral fractures 313-315 
ductility 35 
failure in patella 496 
hand fractures 382 
interface with bone 24-25 
load 34-35 
local toxic reactions 37 
malleolar fractures 568 
malunion 781 
materials 7 
neoplastic reaction 38 
patella 487 


stiffness 33-34 
strength 34-35 
subtrochanteric fractures 461 
surface contact with soft tissue 37 
surface structure 36-37 
surgical reduction 149-154 
indirect reduction, bridge plating 223- 
224 
Indium-I11-immunoglobulin G 
scintigraphy 798 
indomethacin 435 
infected non-union 765 
antibiotics/antiseptics 774 
avital and unstable 775 
avital with segmented bone defect 
775 
bacteriology 768 
bone reconstruction 770-774 
diagnosis 767-768 
histology 768 
hypertrophic 774-775 
imaging 767 
soft-tissue coverage 774 
treatment 769, 774 
infection 
external fixation 246 
proximal humeral fractures 288 
rate 699 
risk 89 
inflammatory reactions 
reamed nailing 197 
trauma-induced 62 
infraglenoid tubercle 259 
infrarenal aorta, clamping 399 
inguinal canal 426 
injury 
complex assessment 89 
factors 80 
patterns 81-82 
personality 80, 86 
zone 84 


Insall method 483-484 
intensive care unit 84 
intercarpal ligament injuries 357, 358 
interfragmentary compression 23 
absolute stability 19 
internal fixation 1, 2-3, 249. See also 
LISS; PC-Fix 
antibiotic prophylaxis 704 
articular fractures 105-106 
carcinogenesis 38 
change from external fixation 245 
children 681-682 
coracoid process osteotomy 261 
diaphyseal fractures 98 
distal humeral fractures 315 
distal radial fractures 362, 373 
distal tibial growth plate fractures 
687 
femoral head fractures 451 
femoral neck fractures 
445, 446, 683 
femoral shaft fractures 683 
fracture healing biology 17 
goal 7 
implant materials 33 
long bone stabilization 667 
malleolar fractures 568, 569-577 
nickel-containing stainless steel 38 
osteoarthritis with trochanteric 
fractures 444 
proximal humerus 274—275 
resistance to repeated load 34-35 
rigid 96 
soft-tissue damage 646 
technology developments 26-27 
temporary support 7 
tibial fractures 523 
tibial tuberosity fracture 685 
titanium 36 
trochanteric fractures 442 
ulna 352 


ulnar fractures 692 
ulnar styloid process 363 
watertight 685 
internal fixators 25, 165-166 
blood supply damage 17 
fracture mechanics 13 
function 27 
internal stabilization 
pelvic ring injuries 401 
International Medical Society of 
Paraplegia 
classification 609 
interosseous membrane, ruptures 323 
interosseous nerve, posterior. See radial 
nerve, deep branch 
interosseous posterior flap 652 
intertrochanteric osteotomy 
femoral head avascular necrosis 452 
flexion 449 
intertrochanteric shortening 
osteotomy 779 
intertrochanteric single/one-step 
lengthening 779 
intra-articular fractures 
assessment 108 
CT scanning 85 
knee 117 
management 83-84 
reconstruction 84 
treatment principles 106 
intracranial pressure (ICP) monitoring 
668-669 
intramedullary nailing 
alignment control 210 
chronic infection 776 
closed 95 
compartment pressure 208-209 
contraindication in tibial shaft 
fracture 687 
contraindications 217 
diaphyseal fractures 96, 99 


diaphyseal non-union 760 
distal locking 210 
dynamization 215 
economic aspects 97 
femoral shaft fractures 
458, 459, 461, 463, 669, 683 
fixation techniques 214-218 
humeral shaft fractures 
292, 294, 295, 299 
clinical results 302, 303 
indications 303 
interlocking 299-300 
insertion techniques 201-204 
interlocking screws 214 
intraoperative in femoral shaft 
fractures 464 
locked 669 
long bone shaft fractures 195 
osteomyelitis 733-734, 743, 745 
pathophysiology 196-198 
pediatric fractures 682 
preoperative planning 198-201 
reaming 
femoral shaft fracture infection 
rate 197 
reduction actions 142 
rotation assessment 211 
soft-tissue damage 646 
surgical approach 201 
techniques 198-215 
template for preoperative planning 
199 
tibial fractures 520, 526 
complications 530-531 
external fixation 533 
implant choice 529-530 
incisions 527 
indications 526 
locking bolts 527 
postoperative management 530 


preoperative planning 526-527 
reduction techniques 527-528 
rotation 528, 529 
surgical anatomy 527 
without reaming 527 
tibial shaft fracture 98 
timing after external fixation 245 
types 195-196 
unreamed 214 
intramedullary nails 95, 99 
conversion to 629 
cortical bone changes 249 
flexible fixation 12 
open fractures 629 
osteotomy stabilization 781 
proximal humerus 277, 279, 280 
intramedullary nails, locked 
diaphyseal fractures 123 
distal femoral fractures 478 
forearm shaft fractures 347 
hypertrophic non-union 752-753 
intramedullary reaming 17 
intramembranous bone formation 
14, 15-16 
intravenous drug abuse 88 
involucrum formation 765 
irrigation-suction drainage 
closed wounds 737-738 
irritation callus 750 
ischemia-reperfusion injury 
polytrauma 661, 665 
ischemic heart disease 87-88 
ischemic tissue, polytrauma 665 


Jefferson fracture 607 
displaced 612 
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joint bridging, external fixation 244- 
245 
joint degeneration, accelerated 110 
joint-bridging distraction device 
distal tibial fracture 546 
joints 
dislocated 82-83, 87 
exposure 643-647 
stabilization 105-106 
joystick 
closed reduction of proximal 
humerus 274 
proximal humerus fractures 281 
surgical reduction 150-153 
technique for distal femoral fractures 
470-471 
Jungbluth clamp 146, 147 


K 


K-wire fixation 

acromioclavicular joint dislocation 
265-266 

distal humeral fracture 689-691 

distal humeral fractures 315 

distal radial fracture 368 

distal radial fractures 373 

glenoid rim fractures 257 

lateral clavicle fracture 263, 264 

pediatric fractures 681-682 

phalangeal fractures 385 

radius fracture 692 

supracondylar humerus fracture 
689-691, 690 

temporary transfixation of ulna to 
radius 350-351 

Y-shaped intercondylar humeral 
fracture 691 


K-wires 
acetabular fractures 429-431, 433 
acromioclavicular joint bridging 267 
calcaneus fractures 586, 586-589 
closed reduction of proximal 
humerus 274 
distal femoral fractures 473 
distal humerus fracture 314 
distal radius fractures 362 
distal tibial fractures 546-547 
external fixators 233-234 
femoral neck fractures 683 
glenoid fossa 267 
hybrid external fixator 236 
joystick reduction 153 
malleolar fractures 569-572, 573- 
575, 577, 578, 580 
metatarsal fractures 597 
olecranon fractures 
325, 326, 327, 328 
olecranon reduction techniques 325 
operative steps 134-136 
palmar marginal fractures 368-369 
patella 487, 488, 489 
patellar fracture reduction 486—487 
proximal humeral fractures 277- 
281, 284, 287, 288 
proximal tibial fractures 510-511 
radial head fractures 330, 332 
talus fractures 591-592, 592 
tarsometatarsal joint injuries 
595, 596 
tension bands 190, 191 
with olive 236 
kallikrein 61 
Kapandji reduction 153 
ketanserin 800 
Kiel bone 40 
kinetic energy 80 


knee. See also patella 
articular fractures 720-721 
brace 495 
continuous passive motion (CPM) 
495 
distal femoral fractures 470-471 
examination under anesthesia 486 
extensor apparatus 483 
flexion 464, 495 
floating 
antegrade tibial nailing 204 
retrograde femoral nailing 204 
fractures, thromboembolism risk 
712 
hyperextension 478-479 
immobilizer 514 
intra-articular fractures 117 
laxity 478-479 
ligamentotaxis 146 
mobilization 495 
motion loss 496 
posttraumatic arthritis 496 
rotation 458 
soft-tissue repair 652-654 
knee-joint space 457 
Kocher-Langenbeck approach 
acetabular fractures 420, 421, 425- 
426, 435 
posterior 451-452 
Küntscher nail 12, 195 


L 


L-plate 
proximal tibial fractures 510-512 
lag screw fixation 116-117 
bicondylar fracture of proximal 
phalanx 386 


distal femoral fixation 685 

distal tibial growth plate fractures 
687 

glenoid fossa fractures 257-259 

tibial fractures 523 

transiliosacral 407 

lag screw-neutralization plate principle 
783 
lag screws 116, 157-158. See also 

self-tapping screws 

absolute stability 19 

acetabular fractures 431-435 

articular fractures 123 

axial force 157-158, 159-161 

axial pull out 161-162 

bending forces 161-162 

cannulated 163-164 

clinical applications 162-164 

compression 158, 161 

compression fixation 19 

distal femoral fractures 473 

distal humeral fractures 315 

distal tibial fractures 546-547 

epiphyseal regions 163-164 

external fixation of open fractures 
242 

failure 161-162 

fully threaded 159-160 

hand fractures 387 

humeral shaft fractures 297, 299 

insertion 162 

interfragmentary 346-347 

interfragmentary with external 
fixation 244 

interfragmentary compression 348 

loosening 161 

malleolar fractures 
568, 573, 574, 576 


metaphyseal region 163-164 
metatarsal fractures 597 
olecranon fractures 325, 326, 327 
patella 487 
plate combination 20, 123 
plate-dependent 348 
positioning 162-163 
proximal tibial fractures 508, 510- 
511 
radial head fracture 332 
rigid fixation with neutralization 
plate 177-178 
scapula neck fracture 259 
self-locking 157 
simple fractures 123 
tension bands 190 
threads 157 
tightening 19 
torque 158 
transiliosacral 407 
washers 163-164 
with anterior band wiring for patella 
491 
laminar spreader 149-150 
lateral femoral condyle 457 
latissimus dorsi muscle flap 651, 652 
lavage of open fractures in children 681 
Lavasept 737, 740, 741 
LC-DCP 25, 222, 225, 226, 260 
application technique 173-174 
blood supply preservation 169-170 
bone contact reduction 249 
clavicular fracture 262 
clavicular non-union 266 
clavicular osteotomy 781 
compression 181 
design 172-174 
distal humeral fractures 310 
distal tibial fractures 544, 547-549 
drill guides 173-174 
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femoral shaft fractures 461, 463 
footprint 173 
forearm shaft fractures 346, 347 
Galeazzi fracture 351 
holes 173 
humeral shaft fractures 297, 299 
internal fixation of ulna 352 
materials 172 
olecranon fractures 325, 328 
periosteum vasculature impact 173 
proximal tibial fractures 503- 
506, 511-512 
ruptured pubic symphysis 404 
shape 173 
tibial fractures 520, 523, 524, 535 
leg, distal third 
soft-tissue repair 653, 654 
leg length discrepancies 779 
leg, middle third 
soft-tissue repair 654 
leg, proximal third 
soft-tissue repair 652-654 
less invasive stabilization system. See 
LISS 
lesser trochanter, rotation 211-212 
lesser trochanter sign 213 
leukocyte scan 484 
life-saving procedures 83 
lifestyle 88 
ligamentotaxis 11, 223-224 
acetabular fractures 432 
distal radial fractures 369-370, 371 
distal tibial fractures 540 
femoral shaft fractures 459 
knee joint 146 
proximal tibial fractures 506, 511 
surgical reduction 154 
ligamentous laxity 
deformity under load 127 
ligaments 
articular fractures 117 
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avulsion fractures 685 
motion effects on healing 117-118 
ligamentum teres 450-451 
limb 
elevation 720-722 
factors 86 
function quality 88 
injury assessment 82-83 
lengthening 246 
salvage 84, 645 
support 720-722 
limited contact dynamic compression 
plate. See LC-DCP 
Lisfranc joint 
malunion 793 
LISS 159, 226, 251-253 
blood supply preservation 169-170 
distal femoral fractures 472, 476- 
477 
internal fixation 165-166 
self-locking 160 
trochanteric fractures 462 
Lister's tubercle 358-359, 363 
load 33 
strain diagrams 187 
transfer 187 
locked screws 25, 159, 162 
long screw use 165-166 
long bones 
angular deformity 128 
fracture classification 50-53 
fracture stabilization 83, 667 
Lottes’ nail 196 
low-energy injuries 
open fractures 617-618 
lower extremities, deformity correction 
127 
lower limb 
residual deformity 93 
soft-tissue damage 652-656 
surgery 712 


lunate facet injuries 357-358 

lunatotriquetal ligament 
tears 358 

lung disease, chronic 87-88 
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macrophages 60, 61 
phagocytosis 61 
magnetic resonance imaging (MRI) 
children 678 
magnetic resonance venography 715 
malalignment 779 
prevention techniques 213-214 
stability of bone-implant construct 
214 
malleolar bone segment 49, 50 
classification of fractures 52 
malleolar fracture 
plate osteosynthesis 741 
malleolar fractures 592 
malunion 792 
transsyndesmotic injury 
562, 565, 568, 572 
treatment 559 
x-rays 566, 567 
malleolus 592 
osteotomy 592 
malleolus, medial 
fracture 188 
tension bands 190 
malleolus, posterior 
malunion 793 
malrotation 
degree of 128 
forearm shaft fractures 349 
malunion 
ankle 792-793 
calcaneus 793 


combined 793 
decision making 780 
diaphyseal 780 
distal femur 788-790 
distal humerus 783 
distal tibia 791-792 
elbow 691 
femoral shaft 788 
femur 786-790 
forearm 785-786 
greater tuberosity of proximal 
humerus 782 
humeral shaft fracture 689 
implant choice 781 
intra-articular 779-780 
Lisfranc joint 793 
malleolar fracture 792 
metaphyseal 780 
mid foot 793 
Monteggia fractures 785 
patellar fractures 484 
pilon fracture 791 
planning 780 
principles 779 
proximal femur 786-788 
proximal humerus 286, 782 
proximal radius 785 
proximal tibia 790 
proximal ulna 785 
reduction and fixation techniques 
781 
tibia 790-792 
tibial shaft 790 
wrist 785-786 
malunited four-part fractures 782, 783 
management plan 80, 88 
Mangled Extremity Severity Score 
(MESS) 85-86, 670 
mannitol 799 
maxillofacial fractures 
biodegradable plates and screws 39 


mechanical pumps 713 
medial cuneiform fractures 367-368 
median nerve 293 
median nerve compression 
distal radius fractures 358, 366 
mediator release 
femoral shaft fractures 669 
intramedullary nailing 669 
polytrauma 661 
Medical Research Council (MRC) 
muscle power grading 602 
medication, long-term 87-88 
medullary nailing, osteomyelitis 766 
medullary reaming 629, 739 
Mefisto external fixator 238, 246 
membranes, resorbable 39 
memory alloys. See shape memory 
alloys 
metacarpal head 381 
metacarpal, thumb 382 
metacarpals 
surgical anatomy 380 
surgical approaches 383 
treatment goals for fractures 379 
metaphyseal bone 676 
metaphyseal deformity 
reduction 122-123 
metaphyseal fractures 
CT scanning 85 
plate fixation 626 
stabilization 626 
type C 223 
metaphyseal non-union 754, 755 
treatment 760 
metaphyseal reduction and fixation 
116-117 
metaphysis 
capsular tissues 223-224 
comminution 116-117 
external fixators 240 


metatarsal fractures 597 
metatarsophalangeal joints 583 
methylprednisolone 610, 800 
microcirculation 
closed soft-tissue injury 62 
mid foot, malunion 793 
mini fragment plate 
metatarsal fractures 597 
mini L-plate 
radial head fractures 330 
mini T-plate 
radial head fractures 330 
mitogenic growth factors 61 
mobilization of patients, early 4, 97 
mononuclear phagocytes 61 
Monteggia fracture dislocation 341- 
342, 350 
malunion 785 
pediatric 692 
posterior 334 
Morel-Lavalle 
lesion 415 
syndrome 667 
morphine/morphine derivatives 719 
Morse cone 162 
motion exercises 117 
MRI. See magnetic resonance imaging 
(MRI) 
MRSA (methicillin-resistant 
staphylococci) 746, 765 
Miller, Maurice 2, 45, 46—47, 48 
multi-organ dysfunction syndrome 64 
multifragmentary complex fracture 
blood supply preservation 223 
multifragmentary fractures 16, 52 
splintage 3 
multiple extremity fractures 
stabilization 198-199 
Multiple Organ Dysfunction Syndrome 
(MODS) 662 
Multiple Organ Failure (MOF) 662 


multiple system injuries 
clavicular fracture 261-262 
early osteosynthesis 694 
pediatric 694-695 
thromboembolism 714 
muscle 
blood flow determination 63 
granulation 643 
muscle envelope 
bridge plating 227 
muscle exercises, isometric 117-118 
muscle flaps 632, 642 
forearm 652 
muscle injury 54, 72-73 
amputation 646 
muscle pumps 712 
muscular perfusion pressure 62 
muscular work 
algodystrophy 800 
musculocutaneous nerve 286-288 
musculoskeletal injuries 79 
children 677 
management 83 
musculoskeletal system 
assessment 59 
musculoskeletal trauma surgery 
priorities 79-80 
myonecrosis, progressive 62 


N 


N-acetyl cysteine 799 
nailing 
closed 297 
contraindication in femoral neck 
fractures 683 
diaphyseal fractures 3 
femoral shaft fractures 667, 669 
fractures in metaphysis 206 
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842 


hypertrophic non-union 761 
open 733-734 
polytrauma 667 
reamed 667 
retrograde for distal femoral 
fractures 477-478, 479 
tibia shaft fractures 667 
unreamed 667 
with reaming 196-197 
without reaming 197-198 
without reaming or locking 196 
without reaming with locking 196 
nails. See also intramedullary nails 
diameter 201 
femoral shaft fracture 670 
flexibility 26-27 
force transmission 36 
interlocking 530, 786 
intraoperative length selection 199- 
200 
length 199 
locking 21, 629 
locking sequence 208-209 
long bone stabilization 667 
osteomyelitis 770 
reamed 629 
solid 197-198 
splintage 3 
splinting 11 
stiffness 33 
titanium elastic (TEN) 
682, 684, 687, 692, 693 
tubular 197-198 
unreamed 228, 629 
advantages 197 
navicular fractures 598 
body fractures 598 
cortical avulsion fractures 598 
injury types 598 
tuberosity fractures 598 
necrosis, zone 81 


necrotizing bone 
remodeling 749-750 
nerve tissue 643 
neuroma, removal 800 
neuropeptide Y 797-798 
neurovascular injuries 54, 72-73 
neutralization plate 
rigid fixation with lag screw 177-178 
neutrophilic granulocytes 60 
nickel 
allergy 38 
memory alloys 39 
nociceptors 
causalgia 797 
non-steroidal anti-inflammatory agents 
719 
non-union. See also aseptic non- 
union; infected non-union 
avascular/avital 753-754 
patellar fractures 484 
proximal humerus fractures 286 
norepinephrine 797-798 
nutcracker effect 598 


o 


odontoid fractures 612 
displaced 613 
traction 611 

odontoid peg fractures 608 

Ogden's classification 680 

olecranon 324-328, 342, 343 
comminuted 323 
coronoid process impaction 324 
soft-tissue assessment 324 

olecranon fractures 
comminuted 325 
complex 324, 327, 334 
complications 328 


direct reduction 327 
fracture dislocation 324 
healing 328 
implants 325 
multifragmentary 324, 325, 328 
oblique 327 
osteotomy 310-313, 315 
positioning for surgery 324-325 
postoperative features 328 
preoperative planning 324-325 
reduction techniques 325 
simple 326 
surgical approaches 325 
surgical treatment 327-328 
tension bands 188, 189, 327 
transverse 327 
olecranon wire loosening 317 
one-third tubular plate 
calcaneus fractures 586 
design 174, 175 
distal humeral fractures 
310, 314, 315 
distal tibial fractures 544, 548, 554 
infrasyndesmotic fibular fractures 
570-571 
malleolar fractures 
572, 573, 574, 576 
olecranon fracture dislocation 334 
olecranon fractures 325, 327, 328 
proximal tibial fractures 503- 
506, 511-512 
tibial fractures 530, 534, 535 
open fractures 59, 617 
acute infection risk 731-732 
amputation 623-624 
antiobiotics 623 
assessment 621-623 
bacterial contamination 619-620 
bone reconstruction 632 
cancellous bone graft 632 


compartment syndrome risk 633 
complications 633 

definitive assessment 623 
definitive fixation 626 

delayed union 617, 632 
diaphyseal 626 

dressings 621 

early tissue reconstruction 632-633 
epidemiology 618 

etiology 617-618 

external fixation 242, 625, 629 
external fixator siting 625 
farmyard injuries 623 
fasciotomy 634 

fixation devices 625 

fixation for vascular repair 634 
gunshot injuries 634-636 
high-energy injuries 84, 617-618 
immobilization 633 

implant siting 625 

infection risk 617, 633 
intramedullary nails 629 
low-energy injuries 617-618 
management 86, 621-623, 681 
metaphyseal 626 

microbiology 619 

minimally invasive techniques 625 
mobilization 621 

non-union 617, 632 

patient status 622-623 

plates 626 

Polaroid photographs 622 
primary surgery 623 
rehabilitation 632-633 
resuscitation 621-622 

salvage 85 

skin cover 632 

soft-tissue injuries 66, 84-85 
soft-tissue reconstruction 632 
stability 625 


stabilization 621, 624-626, 632-633 


stable fixation 625, 629 
stages of care 621 
surgical débridement 622-624 
surgical fixation 624-625 
surgical intervention 621 
tetanus prevention 623 
tibial 617 
vascular injuries 633-634 
vascular intraluminal shunts 634 
wound cleansing 623 
wound cultures 630 
wound débridement 621 
wound examination 622 
wound surgical extension 623-624 
zone of injury concept 623-624 
open reduction 1-2 
articular fractures 105-106 
distal humeral fracture 691 
distal radial fractures 371 
distal tibial growth plate fractures 
687 
femoral head fractures 451 
forearm shaft fractures 694 
malleolar fractures 568, 569-577 
proximal humerus fractures 
278, 281-283 
talar fractures 592 
ulnar fractures 692 
open treatment 
pediatric fractures 681 
open wedge technique 788-789 
operative fixation 
diaphyseal fractures 96 
operative steps 
marking 134-136 
oral contraception 
pulmonary embolism 711 
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ORIF (open reduction and internal 
fixation) 
acetabular fractures 436 
anterior approach for acetabular 
fractures 432-434 
distal tibial fractures 540, 542 
extensile approach for acetabular 
fractures 434-435 
external fixation of articular 
fractures 244 
humeral shaft fractures 297 
patellar fractures 484 
pelvic ring 402 
posterior approach for acetabular 
fractures 429-432 
tibial fractures 525 
orthosis 
painful joint immmobilization 800 
severe disability 801 
ossification 675-676 
heterotopic 308, 315, 317 
heterotopic in acetabular fractures 
437 
osteoarthritis 
femoral neck fractures 448 
posttraumatic 93 
subtalar joint 590 
trochanteric fractures 444 
osteoarthrosis 105-106 
posttraumatic 141 
osteochondral fragments 114-115, 116 
osteoclasts 13-14, 15-16 
osteogenesis 
callus distraction 757 
distraction 246 
osteoinductive substances 758 
osteoligamentous injuries, pelvic 392- 
394 
osteoligamentous structures 
pelvic 392 
pelvic organ proximity 391-392 
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osteomyelitis 731, 765 


anatomical localization 766 

antibiotics/antiseptics 774 

bone reconstruction 770-774 

callus distraction 772 

chronic 731 

classification 766 

decortication-autogenous cancellous 
bone graft 771, 772 

diagnosis 767 

external fixation 770 

free vascularized bone graft 774 

imaging 776 

implant 766 

intramedullary nailing 733- 
734, 743, 745 

medullary nailing 766 

neglected 731 

open bone graft 772 

patellar fractures 484 

pin-track 732, 743 

plating 733 

posttraumatic 729 

recurrence 776 

soft-tissue coverage 774 

treatment 769, 774 


osteoperiosteal petalling 757 
osteoporosis 


acetabular fractures 419 

diaphyseal fractures 94, 96 

distal humeral fractures 308 

fracture of calcaneus tuberosity 589 

malleolar fractures 580 

patchy 799 

patellar fractures 484 

proximal humerus 272, 286 

risk with distal humeral fractures 
307 

screw fixation 317 

trochanteric fractures 444 


osteosynthesis 89-90 
acute infection 729 
bone stiffness 33 
definitive 664 
humeral shaft fractures 292 
load-bearing capacity of patella 
485-486 
plates 169, 743 
subcutaneous area 743 
osteotomy 
callus distraction 772-773 
clavicle 781 
compression 136 
corrective 246, 780 
cuts 128 
diaphyseal 781 
distal femur 479 
femoral neck 130-131 
femoral shaft 788 
fibular 753 
humerus 782-783 
intertrochanteric shortening 779 
metaphyseal 781 
open wedge varization 790 
Pauwels 760 
reduction 135 
stabilization 781 
subcapital 782, 783 
three-dimensional subtrochanteric 
787 
transverse 135 
two-plane metaphyseal 780 
type 128-129 
ulna 785 
unicondylar of proximal tibia 791 
valgization of distal femur 789 
varization-extension 784 
overbending 180-181 
overlay 
direct 124 
physiological axes 125 


pain 
polytrauma 661-662, 665 
palmar ligaments, extrinsic 358 
palmar plate 363 
parafibular dermatofasciotomy 64 
patella 457 
anatomy 483 
biomechanics 485-486 
bipartite 484 
cerclage wiring 488-490 
closed fracture 494 
CT scanning 484 
dislocation 484 
examination 483 
extension 485—486 
femur articulation 485-486 
flexion 485—486 
fracture assessment 483-485 
fracture classification 484 
implants 487, 496 
incidence of fractures 483 
infection 495 
open fractures 488 
open reduction and osteosynthesis 
484 
ORIF with tension band wiring 494 
osteochondral fragments 487 
OTA classification 484 
outside-in technique of wiring 488 
positioning for surgery 486 
postoperative treatment 495 
preoperative planning 486—487 
reduction techniques 486-487 
screw fixation 484 
surgical anatomy 485 
surgical approach 486 
surgical complications 495 
surgical treatment 488-493 


tension band wiring 487, 488-491 
treatment decisions 484-485 
tripartite 484 
vasculature 485 
x-rays 483 
patella alta 483-484 
patella baja 483-484, 495 
patellar bursa, injury 483 
patellar dislocation 484 
patellar fracture 
tension band 188 
tension bands 189, 191 
patellar tendon 483 
attachment 496 
cerclage wire 495 
rupture 483—484 
transosseous sutures 491 
patellar tendon bearing (PTB) 
cast 520 
walking caliper 549 
patellar tracking 485-486 
patellectomy 484, 493, 496 
partial 492-493 
patellofemoral joint. See femoropatellar 
joint 
patellotibial cerclage 492-493 
removal 495 
patient controlled analgesia (PCA) 
pump 719 
patient factors 86 
concurrent problems 87-88 
lifestyle 88 
psychological 88-89 
vascular injuries 87 
patients, transfer 90 
Pauwels osteotomy 760 
PC-Fix 25, 159, 226, 250, 253 
blood supply preservation 169-170 
clinical use 251 
contouring 250 
forearm shaft fractures 346 


internal fixation 165-166 
internal fixation of ulna 352 
self-locking 160 
tibial fractures 523 
titanium 165-166 
unicortical screws 165-166 
pedestrian trauma 94 
pediatric examination 677-678 
pedicle screw 
thoracolumbar fractures 613 
pedicled flaps 650-651 
distant 650 
hand 652 
island 650 
wrist 652 
pelvic C-clamp (compression clamp) 
398, 667 
pelvic instability 395-397 
pelvic fractures 
hemodynamic instability 395-397 
late sequelae 411 
pediatric 677 
pulmonary embolism 715 
pelvic injury, complex 392-394 
pelvic instability, management 83 
pelvic packing 
hemodynamically unstable patient 
397-399 
pelvic reduction forceps 146, 147 
pelvic retroperitoneum 
repair 395-397 
pelvic ring injuries 667-668 
angiography 399 
assessment 391 
classification 394 
clinical examination 395 
crushed with massive hemorrhage 
667-668 
CT examination 395 
decision-making 392, 394 
degrees of stability/instability 394 
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diagnostic techniques 391-392 
displacement of posterior complex 
55 
disrupted with massive hemorrhage 
667-668 
embolization 399 
emergency 
algorithm 396 
hemostasis 395 
stabilization 395-397 
stabilization indications 401 
external stabilization 401 
fixation 401-407, 667 
fixation preparation and choice 
400-401 
fracture classification 55-56 
fracture type 400 
frame construction 401 
hemodynamic instability 395 
hemostasis 395-397 
implants 400-401 
incidence 391-392 
instability combined with 
hemodynamic instability 395 
internal stabilization 401 
life-threatening hemorrhage 392- 
394 
long-term assessment 411 
malunion 401 
neurovascular structures 392-394 
non-union 401 
pelvic packing in hemodynamically 
unstable patient 397-399 
pin placement 401 
polytrauma 401 
postoperative treatment 410 
primary evaluation 394 
radiological examination 395 
results 411 
soft tissues 392-394, 652 
stabilization 396, 400 
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complications 411 
implant removal 410 
operative goals 410 
surgery timing 401 
surgical anatomy 392-394 
surgical stabilization indications 400 
symphysis plate stabilization 399 
tamponade 399 
terminology 394 
thromboembolic complications 411 
unstable, early fixation 664 
unstable in hemodynamically stable 
patient 399-407 
x-ray 391-392 
pelvic ring, osteoligamentous anatomy 
392 
pelvic stability 82 
manual examination 395 
pelvic surgery, risks 392 
pelvic vascular injuries 
examination 415—416 
pelvic veins 
screening in acetabular fracture 
419-420 
pelvis 
examination in children 677 
osteoligamentous structure 392 
penicillins 623 
pentoxyfiline 800 
percutaneous screw fixation 83-84 
periarticular fractures 
management 83-84 
pediatric 678 
reconstruction 84 
periosteal bone 
apposition 749-750 
periosteum stripping 
plates 169-170 
peripheral pulses 84 
peripheral vasodilators 800 
peroneal artery 591 


personality of the fracture 2, 4, 112 
personnel, surgical 89 
PEN. See proximal femoral nails (PFN) 
phalanges 
bicondylar fracture 386 
fracture treatment, goals 379 
rigid internal fixation 385 
surgical anatomy 381 
surgical approaches 383 
unicondylar fracture 386 
physeal injury 
Müller classification 678 
Salter-Harris classification 678 
physeal plates 
K-wire crossing 681-682 
physical therapy 
postoperative 722-723 
proximal humeral fractures 285 
physiological axes 125-126 
physis 676 
articular fractures in children 678 
bony tether 681-682 
periarticular fractures in children 
678 
pilon. See tibia, distal fractures 
pin placement sites 238, 239 
pin-track 
care, external fixation 245 
infection 374, 726 
osteomyelitis 732, 766 
pinless fixator 237, 531 
tibial fractures 242 
pins 
biodegradable 39 
heat damage 239 
Pipkin fractures 449-450 
plastic deformation, tolerance 35 
plate 99, 169-170 
anatomically shaped 176, 177 
angled blade 224 


bicondylar fracture of proximal 
phalanx 386 
biodegradable 39 
blood flow disturbance 169-170 
bone contact reduction 249 
buttress function 20 
buttressing 116-117 
calcaneal fractures 586 
callus formation 169-170 
compression function 20 
contouring 181 
cortical bone changes 249 
design 170-177 
dorsum of radius 358-359 
footprint 24-25 
force transmission 36 
fracture healing 169-170 
functions 20, 182 
indications 169 
indirect reduction 169-170 
long bone stabilization 667 
malleolar fractures 568 
neutralization 99 
open fractures 626 
osteomyelitis 770 
palmar 363 
pediatric fractures 682 
periosteum stripping 169-170 
proximal humerus 274, 277 
rigid fixation 170 
rigid fixation principles 177-181 
sacroiliac instability 407 
stiffness 33 
stress 226 
tension bands 190, 191 
vascular changes in bone 249 
plate fixation 
acute infection 733 
distal humeral fractures 
313, 314, 315 


distal radial fractures 366- 
367, 372, 373 

femoral shaft fractures 464 

forearm shaft fractures 694 

hand fractures 387 

humeral shaft fractures 291- 
292, 295, 297, 299, 302 

minimal access 152 

olecranon fractures 325 

percutaneous for tibial fractures 525 

secondary 349 

surgical reduction 149-150 

tibial fractures 520, 535 
approaches 520-523 
complications 525 
extraperiosteal positioning 523 
postoperative management 525 
preoperative planning 520-523 
reduction techniques 523 
subperiosteal placement 522 
surgical anatomy 520 

torsional force neutralization 346 

ulnar fractures 692 


plate osteomyelitis 766 
plate osteosynthesis 


chronic infection 776 

femoral shaft fractures 464 

multifragmentary malleolar fracture 
741 

posttraumatic arthritis 744 

submuscular position 743 

subtrochanteric fractures 462 

tibial plateau fracture 742 


plate screws 


tightening 19 


plating. See also bridge plating 


diaphyseal fractures 3, 96, 99 
diaphyseal non-union 759 
femoral shaft fractures 

461, 669, 683 
instability 750 


osteomyelitis 733 
palmar buttress 368-369 
subcutaneous 741 
subtrochanteric fractures 464 
surgical access 667 
tibial shaft fractures 687 
timing after external fixation 245 
point contact fixator. See PC-Fix 
Poller screws 206, 207 
reduction 213 
reduction tool 208 
polymers 33 
polytrauma 79 
amputation 670 
assessment 82 
burn out 662 
core body temperature increase 
661-662 
cytokine release 661 
damage control 663 
definition 661 
early fracture fixation 664 
external fixation 243, 667 
tibial fractures 531 
femoral neck fractures 446 
femoral shaft fixation 669-670 
femoral shaft fractures 465 
fixation methods 667 
fracture importance 661 
fracture management 665-667 
immunosuppression period 664 
intensive care 665 
life-saving surgery 663 
long bone stabilization 667 
management 82, 86 
mediator release 661 
nailing 667 
open fractures 84 
osteosynthesis 664 
pain 665 
pathophysiology 661 


patient care 663 

pelvic ring injuries 391-392 

primary surgery 664 

priorities of surgery 663-664 

pulmonary system sensitivity 197 

salvage 670 

secondary reconstructive procedures 

664 

SIRS 661-662 

spinal injuries 601 

stabilization 96-97 

standardized protocol 395-397 

stress 661-662, 665 

systemic traumatic reactions 665 

thermal dysregulation 661-662 

timing of surgery 663-664 
popliteal artery 469 
postoperative management 719 

clinical monitoring 724-725 

consultation 724 

immediate postoperative phase 719- 

723 

middle postoperative phase 724-725 

third phase 725-727 
postphlebitic limb 709 
Pourfour du Petit syndrome 797 
pregnancy, pulmonary embolism 711 
preoperative plan 

drawing 128 

malunion of proximal femur 129 
preoperative planning 121 

acute situation 122-124 

articular fractures 123 

correction location 128 

deformity correction 127 

direct overlay 124 

fracture reduction 122-123 

graphic planning 121, 122 

guide wires 132, 133 

indirect reduction 123 

intraoperative x-ray 135 


847 


848 


landmarks for implant insertion 122 
operative step marking 134-136 
osteotomy type 128-129 
overlay using normal side 125 
physiological axes 125-126 
stabilization of fracture 122-123 
surgical steps 121-122 
surgical tactic 124 
techniques 124 
tracings 129-132 
primary survey 82 
prostaglandin 61 
prosthetic joints, infections 700 
prosthetic replacement of proximal 
humerus 277, 285, 286, 288 
protein C 711 
protein S 711 
proximal femoral nails (PFN) 441- 
442, 443, 461 
subtrochanteric fractures 462 
proximal femur 
malunion correction 129 
valgus correction 130-131 
proximal interphalangeal joint 
surgical anatomy 381 
surgical approaches 384 
pseudarthrosis 754, 755 
forearm shaft fractures 349, 353 
Pseudomonas 619 
Pseudomonas aeruginosa 735-737, 765 
psychiatric conditions 88 
psychological factors 88-89 
PTB. See patellar tendon bearing (PTB) 
pubic rami, fixation 405 
pubic symphysis 392 
approach 403 
disruption 402 
ruptured 404 
pulmonary embolism 197, 709, 712 
acetabular fractures 435-437 


estrogen stress 711 

fatal 710 

femoral nailing 667 

pelvic fractures 715 

surveillance 712 
push-pull technique 346 

surgical reduction 149-150 


Q 


quadrilateral plate, acetabular fractures 
433 
quinolones 704 


R 


radial artery 362 
radial diaphysis 
dorsolateral approach 343 
floating 337 
radial head 323 
osteochondral fractures 323 
radial head fractures 329-334, 691-692 
assessment 329 
bone graft 332 
complex 335 
complications 334 
elbow dislocation 329, 333 
impacted 333 
implant choice 330 
implant removal 334 
mini-fragment screws 330 
multifragmented 333, 334 
patterns 333 
positioning for surgery 329-330 
postoperative treatment 333 
preoperative planning 329-330 


prosthesis 332, 334 
reduction techniques 330 
soft tissues 329 
stable 329 
surgical approach 329-330, 331 
surgical treatment 333 
unstable 329, 330 
wedge 333 
X-rays 329 
radial neck fractures 333 
radial nerve 293, 295, 296, 298, 358 
deep branch 331, 344 
function 291 
palsy 302 
pin insertion damage 374 
superficial 344, 362 
radial shaft fractures 
compartment syndrome 225 
elastic titanium nail fixation 
692, 693 
proximal exposure 344 
radial styloid 
fractures 362 
process 358 
radiocarpal joint, distal radius fractures 
357 
radiocarpal ligament 360-361 
radiological assessment 85 
radioulnar index 360 
radioulnar joint, distal 323, 357- 
358, 365-366. See also radius, distal 
disruption 337 
radioulnar joint, proximal 334 
radioulnar synostosis 
posttraumatic 351 
risk 341-342 
radius 
avascular necrosis of epiphysis 692 
diaphysis 93 
dorsolateral approach 342-344 
premature physeal plate closure 692 


shaft 342 
styloid process 342-345 
radius, distal 323 
anesthesia 362 
Barton type fracture 368 
bone quality 357 
carpal tunnel decompression 
358, 363-365, 366 
complications 374 
dorsal approaches 362-363 
forearm compartment syndrome 
374 
fracture assessment 357-358 
grossly displaced fracture 375 
intercarpal ligament injuries 
357, 358 
internal fixation 362 
intra-articular comminution 357- 
358 
intra-articular fractures 357 
management 366-373 
mechanism of injury 357 
medial cuneiform fractures 367-368 
median nerve compression 358 
metaphyseal comminution 366-367 
minor axis deviation 785-786 
neurovascular compromise 374 
operative goals 362 
palmar approaches 363-366 
palmar marginal fractures 368-369 
patient evaluation 357 
postoperative treatment 373 
preoperative evaluation 374 
preoperative planning 361-362 
prognosis for fractures 376 
prognostic classification 358 
retinaculum flap 363 
soft-tissue lesions 358 
soft-tissue swelling 374 
surgical anatomy 358 


surgical approaches 362 
trauma grading 357 
treatment algorithm 358-359 


type A extra-articular fractures 366- 


367 
type B partial articular fractures 
367-369, 373 
type C complete articular fractures 
369-373 
ulnar nerve decompression 366 
unstable fractures 358 
wrist x-rays 357-358 
radius, proximal 692 
malunion 785 
raft-plate fixation 
proximal tibial fractures 508, 510- 
511 
rafting technique 116 
reamed nails 
tibial fractures 529 
reaming 
avoidance 26 
cortical bone necrosis 733 
intramedullary nailing 195 
medullary cavity 739 
medullary cavity damage 196-197 
new bone formation 196-197 
osteotomy stabilization 781 
technique 204 
reconstruction 82, 84 
evaluation of benefits/risks 768 
reconstruction plate 260 
acetabular fractures 429-435 
calcaneus fractures 586 
clavicular fracture 262 
contouring 175 
design 175 
distal humeral fractures 
310, 314, 315 
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olecranon fractures 325, 327 
ruptured pubic symphysis 404 
uses 175 
rectal examination 
acetabular fractures 415-416 
spinal injury 602 
reduction 
aids 205-208 
antegrade femoral nailing 204 
bridge plating 224 
external fixation 240 
indirect 169-170 
non-union 213 
Poller screws 208 
proximal humerus 274-275 
techniques 204-214, 486—487 
techniques for delayed cases 213 
tibial fractures 204 
tibial shaft fractures in children 687 
reduction and fixation techniques 
malunion 781 
reduction clamp 242 
reduction forceps 149-150 
forearm shaft fractures 347 
pointed 144-145, 146, 569- 
570, 572, 573-575 
special 146 
standard 143-144 
reflex sympathetic dystophy 797 
reflex testing for spinal injury 602 
refractures 169-170, 725 
rehabilitation 82, 89-90 
functional 85 
inputs 90 
personnel 90 
remodeling 15 
resuscitation 82 
open fractures 621-622 
phase 82 
reticulin fibrils 13-14 
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retinaculum flap 363 
distal radial fractures 372, 374 
retrograde screw 
infrasyndesmotic fibular fractures 
570-571 
revascularization 87 
rifampicin 740, 742 
rigid fixation 17, 221 
lag screw and neutralization plate 
177-178 
plates 169 
principles 177-181 
ring fixators 
external fixators 12 
road traffic accidents 
open fractures 617-618 
Roman arch 595 
rotational deformities 127, 128 
correction 128-129 
rotator cuff 
avulsion 782 
dysfunction 256 
Rush pins 196 


S 


sacral bone, plate fixation 407 
sacral fractures 417 

dislocation 406 

surgical treatment 407 
sacral plexus, decompression 407 
sacroiliac fracture dislocation 407 
sacroiliac instability 406—407 
sacroiliac joint 392 

disruption 417 

posterior approach 408 
safe pin sites 238, 239 
Salter-Harris classification 678 

children 679, 680 


salvage 
decision 70 
neurological assessment 66 
open fracture 85 
polytrauma 670 
vascular injuries with open fractures 
633, 634 
saphenous nerve 485, 569, 570 
saphenous vein 569, 570 
scapholunate ligaments 362 
disruption 358 
dissociation 367-368 
repair 373 
scapular fractures 255-261 
anterior approach 257 
assessment 255 
classification 255 
posterior approach 257 
postoperative treatment 261 
preoperative planning 256-257 
pulmonary injuries 255 
surgery indications 256 
surgical anatomy 256 
scapular neck fractures 255-256, 
259 
combination fractures 260 
displaced unstable 256 
isolated 259 
outcome 261 
scapular spine fracture 256 
scarring 61 
Schanz screws 159, 402, 465 
acetabular fractures 427—429, 431- 
434 
calcaneal fractures 586, 588 
closed reduction of proximal 
humerus 274 
distal femoral fractures 470- 
471, 478 


external fixators 12, 13, 233- 
234, 240 
forced insertion 732 
forearm shaft fractures 349 
heat damage 239 
humeral shaft fractures 301 
hybrid external fixator 236 
insertion 459 
joystick reduction 153 
proximal tibial fractures 508 
suppuration 743 
temporary for reduction 205, 206 
tibial fractures 531 
Schuhli screw 25 
sciatic buttress plate, acetabular 
fractures 433 
sciatic nerve 425 
compromise 415—416 
sciatic notch 415-416 
scintigraphy, three-phase skeletal 735 
sclerodactylia, postinfarction 797 
scoring systems 85-86 
screw fixation 
distal radial fracture 368 
hand fractures 387 
metaphyseal fracture 626 
osteoporosis 317 
patellar fractures 484 
peak load 164 
unicondylar fracture of proximal 
phalanx 386 
screw head-to-plate locking process 
162 
screw thread stripping 19 
screwdrivers 160-161 
screws 99. See also lag screws 
articular fracture fixation 625 
biodegradable 39 
breakage of interlocking 530-531 
DCP 171-172 
ductility 35 


humeral shaft fractures 297-299 
interfragmentary lag 99 
interlocking 214 
LISS 252 
PC-Fix 250 
pediatric fractures 681 
placement planning 110 
plate to bone contact reduction 249 
removal 725 
ruptured pubic symphysis 404 
surface structure 36 
tibial fractures 524 
types 159 
seat belts 94 
secondary survey 82-83 
seldrill screw 26-27 
self-drilling, self-tapping screws 27 
self-locking screws 157, 160-161 
self-tamponade 396 
self-tapping screws 164, 249 
semi-tubular plate 174 
septic arthritis 738 
sequestra 765, 767-768 
shaft fractures, multifragment 149 
shaft screws 159-160, 171 
shape memory alloys 38-39 
shattered bone 94 
shingling 
diaphyseal non-union 756-757 
shock, prevention 82 
shotgun wounds 66 
shoulder exercise 302 
shoulder girdle 
function restoration 261 
instability 256, 260 
sigmoid notch 357-358 
simple fractures 52 
stable fixation 123 
sinus tarsi 583 
skin abscesses 699 
skin flaps 642 


skin injury 54 

skin perfusion 84 

skull fractures 255 

Smith-Peterson approach 
anterior 451-452 

smoking 750 

soft tissues 
bridge plating 227-228 
care 3, 4 
classification of fractures 46 
decompression 62 
envelope 642, 646 
implant surface contact 37 
layers 642 
role in fracture management 2-3 

soft-tissue flap 
obstruction 99 

soft-tissue injuries 59, 80, 95. See also 
compartment 
syndrome; débridement 
acute infection 731-732 
amputation 645 
AO classification 620 
articular fractures 

106, 108, 112, 113-114 

assessment of fractures 66-67 
bone stabilization 646-647, 648 
children 677-678 
classification of fractures 54 
classification of fractures with 67-75 
classification systems 84-85, 644 
closed 59, 61-62 
compartment syndrome 64-66, 645 
contusion 228 
diaphyseal fractures 95, 96 
Doppler examination 66 
emergency evaluation 64—67 
emergency management 647-649 
energy 64-66 
extent 84 
external fixation 646 
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granulation 643-644, 648 
gunshot wounds 636 
inflammatory response 64 
intramedullary nailing 646 
management algorithm 67 
neurological assessment 66 
open 59-60 
open fractures 66 
patient history 64-66, 645 
peripelvic 392-394 
reconstruction 117, 645, 650 
repair 644, 649 
revascularization 647 
skin closure 648 
surgical debridement 66-67 
systemic response 64 
upper arm 650-659 
upper limb 650-652 
vascular status 66 
wound closure 646, 648-649 
wound contamination 66, 67 
x-rays 85 
zones 81-82 
soft-tissue loss 
assessment 641, 642 
granulation tissue 642 
management 641-642 
soft-tissue taxis 
surgical reduction 154 
soleus flaps 654 
solid femoral nails (UFN) 461 
femoral shaft fractures 463 
subtrochanteric fractures 462, 466 
solid humeral nail (UHN) 
humeral shaft fractures 297, 302 
solid nail 
flexible fixation 12 
unreamed 196 
somatosensory evoked potentials 424 
space of Retzius 426 
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spinal column 


concept of three 607 
unstable injuries 612 


spinal cord compression 612 
spinal cord injuries 


cervical 612 
children 677 


spinal injuries 
AO Müller Classification 607, 609 


C1 level 607 

C1/C2 level 608 

C2/odontoid 608 

classification 54, 607—609 
definitive management 612-614 
initial management 610-612 
thromboembolism 715 
unstable 613 


spinal instability 606-607 
spinal shock 609 


children 677 


spine 


clinical evaluation 602 

CT scans 605, 606 

dermatome examination 602 

dynamic radiography 606 

examination in children 677 

further imaging 605 

MRI scanning 605, 606 

neurological assessment 602 

neurological injury classification 
609-610 

orthopedic assessment 601 

palpation 602 

radiological evaluation 602-606 

rectal examination 602 

reflex testing 602 

sensation testing 602 

trauma 601 

vital signs 602 

weakness grading 602 


spiral fractures 94 


splint 721 
palmar 349 
sugar tong 349 
splint bridging 20 
splintage 
multifragmentary fractures 3 
splinting, nail 11 
split skin grafts 632 
spring hook plate 
acetabular fractures 429-431 
spur sign 433 
stability. See also absolute stability 
fracture 85 
interfragmentary compression 177 
stabilization 
chronic osteomyelitis 768, 770 
diaphyseal non-union 759 
multiple extremity fractures 198- 
199 
osteotomy 781 
stable fracture fixation 
biomechanics 23-25 
simple fractures 123 
stainless steel 7, 33 
corrosion 36 
local reactions 37 
nickel-containing 38 
stiffness 33-34 
staphylococci 700, 735-737, 740 
Staphylococcus aureus 619, 699, 744 
methicillin-resistant 701 
osteomyelitis 765 
Staphylococcus epidermidis 745 
osteomyelitis 765 
stasis, zone 81 
steel 
ductility 35 
strength 34-35 
Steinmann pins 
calcaneal fractures 586 
external fixators 233-234 


forced insertion 732 
pin-track osteomyelitis 743 
talar fractures 592 
sternoclavicular joint dislocation 266 
streptococci 700-701 
stress 
plate 226 
polytrauma 661-662, 665 
protection 169-170, 249 
shielding 33-34 
subchondral bone surface 111 
subclavian vessels 262 
subcutaneous tissue, granulation 643 
subtalar joint 583, 588, 590, 592 
corrective arthrodesis 793 
movement axis 562 
osteoarthritis 590 
subtrochanteric fractures 
bridge plating 225 
diagnosis 457 
implant 461 
nailing 466 
osteosynthesis positioning 458 
plate fatigue 464 
plate osteosynthesis 462 
subtrochanteric shortening 788 
suction drainage 719 
Sudeck's atrophy 797 
sulfamethoxazole 742 
superinfections 737 
supracondylar fracture 302 
supracondylar ridges 316 
supramalleolar flap 654, 655 
suprascapular nerve 256 
sural flap 654 
neurocutaneous 657 
sural nerve 569, 570 
surgical fixation of open fractures 624- 
625 
surgical reduction 140-154 
accuracy 142 


aim 141 

antiglide function of plate 150, 151 

articulated tension device 150-153 

assessment 154 

bone deformation 139 

complex fractures 142 

computer-assisted 154 

devascularization 142 

direct 142 

distractor 143 

external fixation 154 

fluoroscopy 154 

fragment displacement 139 

healing process 142 

implants 142, 149-154 

indirect 142, 145, 146, 154 

in one direction 148-149 

instruments 142, 143-149 

joystick 150-153 

Kapandji 153 

ligamentotaxis 154 

plate fixation 149-150 

push-pull technique 149-153 

puzzle technique 154 

simple fractures 142 

soft-tissue taxis 154 

techniques 141-143 

traction 143 

x-rays 154 
surgical site infections 

antibiotic prophylaxis 699 

risk 700 
sustenacular fragment 585 
sustenaculum tali 583, 585, 588-589 
sutures 

closed wounds 737-738 

resorbable atraumatic 278 
symphysis pubis. See pubic symphysis 
syndesmosis 559 

stability 577 


syndesmotic ligaments 559 
anterior 578 
failure 565 
posterior 575-576 
syndesmotic screw 579-580 
removal 580 
synovectomy 738 
synovial joint 105-106 
synovial pseudarthrosis 754 
synovitis 738 
biodegradable implants 495 
Systemic Inflammatory Response 
Syndrome (SIRS) 661-662 


T 


T-plate 176, 368-369 
distal radial fractures 375 
phalangeal fractures 385 
proximal humeral fractures 
277, 280, 281 
proximal tibial fractures 510-511 
talar body 
fractures 593 
reduction 592 
talar fractures 591-594 
assessment 591 
avascular necrosis 594 
classification 591 
closed reduction 591-592 
complications 594 
malunion 594 
open reduction 592 
outcome 594 
postoperative treatment 593 
preoperative planning 591-592 
soft-tissue assessment 591 
surgical anatomy 591 
surgical treatment 592-593 
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wound breakdown 594 
wound closure 593 
talar head fractures 593 
talar neck fractures 593 
talar shift/tilt 793 
talocrural angle 566 
talus 559, 561 
blood supply 591 
dislocation 559 
rotation 561-564 
subluxation 559, 561-563, 567 
valgus tilt 579 
varus tilt 567 
tamponade 
pelvic ring stability 399 
tarsal canal 583 
tarsal navicular fractures 598 
tarsometatarsal joint 583 
tarsometatarsal joint injuries 594-597 
avulsion fractures 594 
classification 595 
compartment syndrome 594 
fracture assessment 594 
fragment screws 596 
outcome 597 
postoperative treatment 596-597 
preoperative planning 596 
soft tissue assessment 594 
surgical anatomy 595 
surgical treatment 596 
x-rays 594, 595, 596 
TEN. See nails: titanium elastic (TEN) 
tendinitis 800 
tendon, granulation 643 
tendon injuries 54, 72-73 
tensile forces 187 
tension band 182 
application 190 
avulsed fragment reattachment 
188, 190 
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biomechanical principles 187-188 
bone graft 191 
complications 191 
compression 190 
loops to neighboring bone 191 
operative technique 191 
static 190 
tension band plating 183-184, 790 
diaphyseal non-union 759 
tension band wiring 
distal humeral fractures 316 
infrasyndesmotic fibular fractures 
570-571, 572 
K-wire combination for patella 491 
lag screw combination for patella 
491 
malleolar fractures 568, 570- 
571, 572, 575, 578, 580 
metatarsal fractures 597 
olecranon fracture dislocation 334 
olecranon fractures 326, 327, 328 
patella 487, 488-491, 489 
patellar with ORIF 494 
tension device 
compression 179-180 
tension-absorbing bands 283 
tetanus prevention, open fractures 623 
thermal dysregulation 
polytrauma 661-662 
thigh, soft-tissue repair 652 
thoracolumbar spine 
burst fractures 613 
control 601 
dislocation 613 
fractures 608-609, 612 
fractures, type A 613-614 
radiological evaluation 604, 605 
thoracolumbar-sacral orthosis (TLSO) 
614 
three R's 82 
thrombocyte, aggregation 60 


thromboembolism 709 
age 711 
ambulant patients 715 
clinical outcomes 709 
fracture disease 711 
genetic predisposition 711 
hip fractures 715 
multiple injuries 714 
non-fatal 709 
previous 711 
prophylaxis 712-714 
risk factors 711-712 
spinal injuries 715 
sudden death 709 
surrogate outcomes 709-710 
thrombosis 722 
thumb 
carpometacarpal joint 382 
metacarpal 382 
palmar approach to base 384 
saddle joint 382 
trapezium 382 
tibia 
anatomy 504, 505 
approach for intramedullary nailing 
202 
complex fracture 222 
condyles 502 
distal aspect 559 
dynamization 215 
LISS 251-252 
locking protocol 214 
malunion 790-792 
meniscus 502 
plate subcutaneous introduction 
227 
proximal landmark 200 
rotation 211 
synovial pseudarthrosis 754 
tubercle 502 


tibia, distal 
blood supply 540 
malunion 791-792 
valgus deformity 792 
varus deformity 791 

tibia, distal fractures 539 
anatomy 539-540, 541 
approaches 544 
bone grafting 546, 547 
classification 539 
clinical examination 539 
compartment syndrome 539 
complications 549-550, 551 
delayed union 550 
diagnosis 539 
high-energy trauma 539 
hybrid ring fixator 543 
imaging 539 
implant choice 544 
joint-bridging distraction device 546 
ligamentotaxis 540 
low-energy trauma 539 
malunion 791 
medial buttressing 547 
non-union 550 
outcome 552, 553 
patient positioning 544 
postoperative care 549 
preoperative planning 540-544 
reduction 546-547 
soft-tissue injuries 539, 542, 550 
surgery indications 540 
surgical procedures 540 
surgical technique 545-549 
tibial articular surface 546 
timing of surgery 543 
weight bearing 549 
wound closure 549 

tibia, proximal 
malunion 790 


open wedge varization osteotomy 
790 
unicondylar osteotomy 791 
valgus deformity 790 
tibia, proximal fractures 
active resisted movement 514 
anatomy 502 
arterial injury 499, 500 
articular comminution 515 
assessment 499 
bicondylar fractures 511 
bone grafts 506-507 
classification 501, 502 
compartment syndrome 499 
complications 514, 515 
condylar split 509 
extra-articular 508 
high-energy fractures 
499, 500, 508, 511, 512, 515 
imaging 500 
indications for surgery 499 
intracondylar fragmentation 511 
low-energy fractures 515 
malunion 514 
medial plateau fractures 511 
meniscus avulsion 504 
metadiaphyseal extension 515 
metaphyseal-diaphyseal 
disassociation 508 
outcome 515 
physical examination 499 
postoperative management 514 
preoperative planning 503 
pure impaction fracture 509-510 
reduction techniques 506-508 
soft tissue injuries 508 
soft-tissue injuries 499 
split fractures 508 
split-compression fractures 510-511 
stabilization 499 
surgical approach 503-506 


surgical treatment 508 
weight bearing 514 
tibial arteries 591 
tibial fractures 

arteriography 519 

assessment 519-520 

bridge plating 523, 524, 531 

callus formation 525 

classification 520 

compartment syndrome 519 

complex 535 

delayed union 530 

distractor 527-528, 529 

external fixation 531 
complications 533 
delayed union 533 
implant choice 531-532 
pin-track infection risk 533 
plantar flexion contracture 

prevention 532 

postoperative care 533 
preoperative planning 531 
reduction techniques 531 
safe zones 531 
surgical anatomy 531 

fracture blisters 519 

implant choice 524 

internal fixation 523 

intramedullary nailing 520, 526 
complications 530-531 
external fixation 533 
implant choice 529-530 
incisions 527 
indications 526 
locking bolts 527 
postoperative management 530 
preoperative planning 526-527 
reduction techniques 527-528 
rotation 528, 529 
surgical anatomy 527 
without reaming 527 
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lag screw fixation 523 
metaphyseal 207 
nerve injuries 519 
non-operative treatment 520 
non-union 530 
open 617 
ORIF 525 
pediatric 685-688 
percutaneous plate application 525 
periosteum 522 
pinless fixator 242 
plate fixation 520, 534, 535 
approaches 520-523 
complications 525 
extraperiosteal positioning 523 
postoperative management 525 
preoperative planning 520-523 
reduction techniques 523 
subperiosteal placement 522 
surgical anatomy 520 
pulse assessment 519 
reduction 204, 523, 524 
screws 524 
skin cover 519, 525 
soft tissue 519-520 
suture technique 525 
tube-to-tube principle 531, 532 
vascular damage 519 
x-ray imaging 519 
tibial growth-plate fractures 
distal pediatric 687-688 
tibial head 
buttress plate 176 
posttraumatic malalignments 790 
tibial intercondylar eminence 685-686 
tibial metaphyseal area 
valgus fracture 687 
tibial nailing, antegrade 203-204 
floating knee 204 
tibial nerve, posterior 633 
deficit 646 


856 


tibial plafond 571-572, 577 
impaction 565 
subchondral plate alignment 
566, 567 
tibial plateau fracture 
plate osteosynthesis 742 
tibial shaft fractures 73-74, 97, 519 
algodystrophy incidence 797 
bridging external fixation 245 
cast 97 
children 687 
intrameduallary nailing 98 
malunion 790 
nailing 667 
reduction 97, 98 
surgical stabilization 687 
varus malalignment 687 
tibial tuberosity 483, 685 
tibialis posterior tendon, entrapment 
573 
tibiofibular complex, inferior 559 
tibiofibular joint, proximal 502 
Tilleaux-Chaput tubercle 540 
tissue defect assessment 644 
titanium implants 7, 33 
alloy components 38 
children 678 
corrosion 36 
corrosion resistance 38 
ductility 35 
femoral head fractures 451 
internal fixation 36 
load resistance 34-35 
local reactions 37 
PC-Fix 165-166 
stiffness 33-34 
strength 34-35 
toggling 214 
traction 1, 11 
cervical injuries 610, 611 
diaphyseal fractures 97, 98 


femoral neck fractures 446 
femoral shaft fractures 683 
olecranon 689-691 
pediatric fractures 680 
surgical reduction 143 
tibial shaft fractures in children 687 
transfer of patients 90 
transfixing pins 531 
transiliosacral screw insertion 409 
transolecranon fracture dislocation 
324, 334 
transosseous sutures 
patellar tendon repair 491 
transpubic instability 405 
external fixator 399 
transsacral instability 407 
transsacral plate/screw fixation 410 
transsymphyseal instability 402 
transverse fractures 94 
trapezium 382. See also thumb 
trauma 
humeral shaft fractures 291 
soft-tissue damage 227-228 
traumatic brain injury (TBI) 668-669 
triangular fibrocartilage 361, 373 
tricalcium phosphate 40, 758 
trimethoprim 742 
triplane fracture of ankle 687-688 
trochanter-stabilizing plate 443 
trochanteric fractures 441-444 
AO Müller Classification 441 
arthroplasty 444 
dynamic hip screw (DHS) 442 
internal fixation 442, 444 
mobilization 444 
multifragmentary 443 
osteoporosis 444 
postoperative management 444 
proximal femur nail 441-442, 443 
surgical treatment 441-444 
trochlea 309 


trophoneurosis, peripheral 797 
Tscherne’s classification 

closed fractures 69-70, 72, 74 

open fractures 72 

soft-tissue injuries 69, 108, 644-645 
tube-to-tube clamps 242 
tube-to-tube fixation 

distal femoral fractures 478 

tibial fractures 531, 532 
tubular plates 

design 174 


u 


U-bar 721 
UEN. See solid femoral nails (UFN) 
ulna 
approaches 342, 343 
diaphysis 93 
osteotomy 785 
shaft 342 
styloid process 342 
ulna, distal 358 
exposure 366 
ulna, proximal 
malunion 785 
ulnar cortex, anterior 334 
ulnar crest 343 
ulnar fractures 
internal fixation 352 
multifragmented 334 
plate fixation 692 
temporary transfixation to radius 
350-351 
ulnar ligament 309 
ulnar nerve 293, 298, 310- 
313, 316, 317, 325, 358, 363, 366 
decompression in distal radial 
fractures 366 


ulnar nerve irritation 783 
ulnar neurapraxia 317 
ulnar palmar corner exposure 365-366 
ulnar styloid process 
fixation in distal radial fractures 373 
internal fixation 363 
ulnar variance 360 
ulnocarpal ligament 360-361 
ultrasound 
aseptic non-union 761 
children 678 
unicortical screws 162, 165- 
166, 249, 250 
universal nail 195-196 
unreamed solid nail 
humeral shaft fractures 293 
tibial fractures 526, 527- 
528, 529, 534 
upper arm 
soft-tissue damage 650-659 
upper limb 
reconstruction of injuries 84 
soft-tissue damage 650-652 


V 


vaginal examination 
acetabular fractures 415-416 
valgization, femur 786 
valgus 458 
valgus deformity 93 
valgus osteotomy 
femoral neck fractures 448, 449 
vanadium 38 
vancomycin 701, 704 
varus 458 
varus deformity 93 
varus malalignment 479 
varus malrotation 479 


vascular bypass surgery 87-88 
vascular injuries 87 

open fractures 633-634 
vascular intraluminal shunts 

temporary 634 
vasodilators 

peripheral 800 
vena cava filters 713, 714 
venous return 712 
venous thrombosis 

risk in soft-tissue repair 650 
ventilation, maintenance 82 
verapamil 800 
Virchow's triad 710, 711 
Volkmann's fracture 563, 574 
Volkmann's fragment 575-576 
Volkmann's triangle 565, 566 


Ww 


Wagner lengthening device 779 
walking caliper 

patellar-tendon-bearing (PTB) 549 
warfarin 713 
washers 163-164 
wave plate 226 

diaphyseal non-union 759, 760 
wedge 

cutting 135 
wedge fractures 52, 94 

bridge plate 123 
weight bearing 

delay 712 

postoperative 722-723 
window 

preoperative planning 132, 135 
wire 

bending forces 191 

breaking 191 
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wiring. See K-wire fixation 
wound 
cleaning 720 
closed 737 
complications 730 
condition 59 
dressing 720, 737 
hematoma 730 
infections 699 
irrigation 737 
types 60 
wound closure 642-644 
soft-tissue damage 646, 648-649 
wound contamination 
polytrauma 665 
soft-tissue injuries 66, 67 
wound débridement 
open fractures 621 
physiological 61 
wound edge necrosis 730 
wound healing 
disturbed 729, 730 
wound surgical extension 623-624 
wounds, surgical 719 
wrist 
bridging external fixation 244 
malunion 785-786 
range of movement 341 
rehabilitation 366-367 
soft-tissue damage 652 
x-rays 357-358 
wrist fixator 373 


x 


x-ray examination 
children 678 
intraoperative 135 
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postoperative 723, 724-725 
soft-tissue injury 85 
x-rays 85 
quality 85 
xanthine oxidase 665 


Z 


Z-plasty 

distal femoral fractures 472 
Zancolli technique 650—651 
zone of injury concept 

open fractures 623-624 


All video sequences with label “AO...” are taken from 
original AO instruction videos. They were digitized by 
AO Media Services. 


Non-AO videos 
e¢ Chapter 3.3.1, Intramedullary nailing: 
© C. Krettek 
e Chapter 4.5, Acetabular fractures: 
© J.M. Matta 
e Chapter 5.7 
Postoperative management: 
© Spital Davos 
e Chapter 6.1, Acute infection: 
© U. Miiller, PE. Ochsner 


CD-ROM users will find the videos for the chapters 
1.1 through 4.5 on disk 1 and videos for chapters 
4.6.1 through 6.5 on disk 2. DVD-ROM users will find 
all video sequences on one disk. 


Video sequences by chapters: 


Acetabulum (chapter 4.5) 
Posterior wall fracture through Kocher-Langenbeck 
approach (A020134) 430 
Transverse and posterior wall fracture through Kocher- 
Langenbeck approach (A020135) 431 
V4.5-1 425 


V4.5-2 425 
Acute infection (chapter 6.1) 
V6.1-1 736 
V6.1-2 736 
V6.1-3 736 
V6.1-4 736 
V6.1-5 736 
V6.1-6 737 


V6.1-7 739 


Biology and biomechanics (chapter 1.2) 
A051010 8 
Bridge plating (chapter 3.3.2) 
The application of the large distractor in the case of a 
comminuted fracture of the femur (A020163) 224 
Indirect reduction techniques (A020194) 224 
Distal radius/wrist (chapter 4.3.3) 
Small external fixator (hand) (A022024) 369 
Distal radius plating system (A022027) 373 
External fixation (chapter 3.3.3) 
Tibia: AO external fixation system 
(A020166B) 236, 237, 240 
Femur, distal (chapter 4.6.3) 
Distal femur: condylar plate (A000051) 475 
Distal femur fracture: dynamic condylar screw (DCS) 
(A020155) 475 
Indirect reduction techniques (A020194) 476 
Femur, proximal (chapter 4.6.1) 
Femoral neck fracture: large cannulated screws 
(A000087) 448 
Proximal femur fracture: dynamic hip screw (DHS) with 
modular system (TSP and DHS stop) 
(AO20156B) 443 
The proximal femoral nail (PFN) (AO20173B) 443 
Femur, shaft (chapter 4.6.2) 
Femur: unreamed femoral nail system (UFN) 
(A020153) 463 
Femur: unreamed femoral nail system (UFN), spiral 
blade, and miss-a-nail (A020154) 463 
AOQ20173B 462 
Foot (chapter 4.10) 
Calcaneus depression fracture (A024011) 587 
Open reduction and internal fixation of comminuted 
fractures of the calcaneus (foamed model) 
(A024018) 587 
AQ24018/A024011 589 
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Forearm (chapter 4.3.2) 
Fracture of the radius shaft LC-DCP 3.5 with shaft screws 
(A000090) 348 
Reduction techniques (A020099) 346 
Short oblique radius shaft fracture (LC-DCP and shaft 
screw) (A022022) 344 
Humerus, distal (chapter 4.2.3) 
Intra-articular type C fracture of the distal humerus 
(AQ20142B) 313, 316 
Humerus, proximal (chapter 4.2.1) 
Proximal humerus fracture (A020080) 281 
Humerus, shaft (chapter 4.2.2) 
Internal fixation of a humeral shaft fracture with an 
unreamed humeral nail (UHN) 
(A040080) 295, 300, 301 
Internal fixation (chapter 3.4) 
PC-Fix (point contact fixator): an internal “biological” 
fixator (A020168) 250 
LISS (Less invasive stabilization system): Distal femur 
(A090063) 253 
Intramedullary nailing (chapter 3.3.1) 
V3.3.1-1 200 
V3.3.1-2 201 
V3.3.1-3 203 
V3.3.1-4 207 
V3.3.1-5 212 
V3.3.1-6 215 
Lag screw (chapter 3.2.1) 
A090063 166 


Screw fixation and plating (A000097) 163, 164 


Techniques of absolute stability (A000099) 160, 162 
Malleolus (chapter 4.9) 

Malleolar fracture type A (A000068) 571, 575 

Malleolar fracture type B (A000069) 572, 573 

Malleolar fracture type C (A000070) 575, 576 


Olecranon/radial head/elbow (chapter 4.3.1) 

Olecranon fracture: tension band wiring (A000072) 325 
Patella (chapter 4.7) 

Tension band wiring of the patella (A051049) 488 


Pelvic ring (chapter 4.4) 
Posterior sacroiliac fixation (A052004) 401, 410 
Pelvic fixation: symphysis pubis and transpubic 
instabilities (A053027) 405 
Pelvic fixations: anterior plate fixation of the sacroiliac 
joint (A053028) 407 
The pelvic C-clamp (A053030) 399 
Plates (chapter 3.2.2) 
Screw fixation and plating 
(A000097) 172, 174, 178, 182 
A000099 180, 182 
Postoperative management (chapter 5.7) 
After-care following lower leg surgery 


(AQ40002) 722, 724 
V5.7-1 720 
V5.7-2 722 
V5.7-3 723 
V5.7-4 723 


Surgical reduction (chapter 3.1) 
A020163 143 
Indirect reduction techniques (A020194) 
145, 146, 147, 148, 149, 
150, 152, 153 
Tension band principle (chapter 3.2.3) 
A051049 191 
Tibia, distal (chapter 4.8.3) 
Pilon tibial fractures (foamed model) (A020160) 
Tibia, proximal (chapter 4.8.1) 
Fracture of the lateral tibial plateau (A020144) 506, 511 
Bicondylar fracture of the tibial plateau (A020190) 513 
Tibia, shaft (chapter 4.8.2) 
Tibia fracture in foam leg (distractor/UTN/pneumatic 
cuff) (AO20149B) 528 
Tibia fracture in foam leg (distractor/UTN/pneumatic 
cuff) (AO020149B)/Tibia: unreamed tibial nail (UTN, 
Stratec nail) (AO20139e) 529 
A020191 525 


545, 547 


Message from AO Publishing 


Language 


US-English spelling is used throughout the 
whole publication to conform to MeSH (Medical 
Subject Headings) and facilitate easier electronic 
search. 


| Bibliography 


The source of our bibliography is the National 
Library of Medicine’s Medline. Whenever a 
title of an article is set in [brackets], it indicates 
the original article was published in a language 
other than English. In such cases we took the 
Medline translation, which may differ slightly 
from the translation provided by the original 
publisher. For most chapters the Editorial Board 
decided not to print more than 20 references. 
The full reference lists submitted by the authors 
are at the reader’s disposal on the Internet page 
accessible by hyperlink at the end of each 
chapter. Where available, the titles of the 
publications in their original language are added 
to each citation. 

Convention of citations: The AO style follows 
the principles outlined in the NLM (National 
Library of Medicine) and the AMA (American 
Medical Association). To clarify: the number 
after the name of the Journal represents the 
volume followed by the issue number in 
(brackets). 


A message from AO Publishing 


‘Videos 


Video sequences were deliberately kept short 
to better coordinate and complement the steps 
described in the text. It should be noted that 
voice-over for such short footage was not 
feasible. We are planning to release complete 
teaching videos with voice-over on an 
upcoming DVD-ROM edition. 
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The CD-ROM contains a file called 
PFxM.pdf. This file is in Adobe’s portable 
document format (PDF) and contains 
all the pages of the printed book, en- 
hanced by the capabilities of linked 
documents on a computer. 

To work with the file you need the 
Acrobat® reader which is also pro- 
vided on the CD-ROM. (To install the 
reader please refer to the installation 
guide.) 


The figure shows the Acrobat reader 
main window with a typical page of the 
electronic book. 

Bookmarks mirror the structure of 
the book. Jump to any section by a 
mouse click. Thumbnails give a small 
view of each page and allow quick 
browsing through the whole volume. 
Select a given page by clicking on its 
thumbnail. 

To jump to a specific page in the book, 
type in the page number in the bottom 
menu or use the scroll bar to the right. 

To select a view, use the standard 
view buttons in the tool bar or type in 
the zoom factor in the menu field at 
the bottom bar. 

You may switch between a single 
page view or a view with facing pages, 
as in the printed book. 


The Acrobat reader tool bar 


open document... 


show/hide bookmarks & 


How to use the electronic book 


print... (updated chapters only) 


How to use the electronic book 


view stack: standard views: 
previous view — actual size (100%) 
next view — | fit in window 
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fit to width 
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navigation: go to 
.. first page 


text search 


thumbnails 
hand tool (navigation) 
zoom in/out 
text selection tool 


...Previous page 
.. Next page 
...last page 
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Fig. 4215 Deho pectoral approach 
The skan nosion starts from the coracoid process 
andi rans sightly convex towards the medial sde, 


421 Proximal humerus—? Sotim 273 
——— 


especially for reduction or to put a plate on the 
Iateral aspect of the humerus shaft The plate 
should lie dorsal to the lnng biceps tendon and 
the lateral ascending branch of the anterior 


as far asthe insertion of the dekad musda on the 

lateral hurneraf shaft. ¥ asilary nerve 2. coracoid 

process, 3 acromion, 4 lateial davide end. 

id musde to tha lateral side 
atic 


‘orcumiex humeral artery, 3 long head of the 
bbioaps musde, 10 subscapulans muscle. 


crcumflex humeral artery (Fle. 4.2 1-3) The 
position of this artery should be kept in mind 
gation or coagulation should be avoided along 
with damage w the axillary nerve 
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How to use the electronic book 


Links 

Links to figures not located on the 
current page can be activated by a single 
mouse click. (The cursor changes when 
moved over the link.) Clicking on the 
number next to the target figure brings 


you back to the citation in the text. Non-unio 
pseudart! 


4.2.2 B2 fractures 


ge hom 37% [2] iuf 
These are unstable at the su 


they are combined with a rot pe ee arr John Wright. 
s i i} in r 
of the head fragment (B2.2) bring wah ar pra, 


$ Mon the intact tuberosity, 
requu' ? (Fig. 4.2.1-10a/b), 
closed, pe} Auaneous redu 
intengifier using a small hook 
stick will be needed 


rads ta heating of the] 


Refracture aft 
removal 


removal on the foreann ls a recurrent 
cause of the risk of refiacture. The 
+ eate reported Is between 3 5% [22] 
aml there is evittenoe thatthe nse of 


Fig. 4.2.1-10: Bifocal B2.2 fracture 
a) AP’ ; Rotation of the head 


Letters typed in blue or blue graphic 
elements in general have a hyperlink 
to a destination, or evoke an action. 


Hierarchic navigation links 

A click on a subsection number leads to the next section 
above. By clicking on a section number you are led to the 
table of contents of the current chapter. The main chapter 
number is a link to the table of contents of the book. The 
main table of contents can also be easily accessed by a click 
into the blue header bar on top of each page. There you 
will also find a quick link to the index. 
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4 Surgi a 
4 Surgical treat Cy) ' i 
4.1 Extra-ari cnsion-absosbing sutures and staples or other 
41 Extra-articular u A fractut $ Articula Pasion aids may have a place 1Fig. 4.2.1- 14b). 
i 
411 Al fea jp al | 
12 adhe eae (ERE taau “jG fractures 
413 ASh Unitocal fractures of thd 


l 
À In this type of fragi For anatomical neck fracture-distocatinns (C3 1), 
4.2 Bifocal B fractui aoe. nung peck, thee leas thed Many surgeons prefer pnmary hemiarthroplasty 
42) Bt fra 


42? B2fra © tf In younger pat 
A2 B3 fracturess 


fragment and less rh 


Interval of 2 years from internal fixation. The 
dectsion should be made by an expenenced 
surgeon, whe also performs the procedure. 
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Internet links 

The links in the reference list lead to the 
abstract in the Medline data base of 
Medscape. You need to have an internet 
browser and internet access to use this 
option. The first time you activate an 
internet link, Acrobat prompts you to select 
a browser on your computer. 
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4.2.) BI fractures 


These bifocal fractures with Inde or no di 
placement display metaphyseal impaction, whi 
can be lateral medial, or posterior Displac 
tuberosity fractures must be reduced 
fixed as described for A) Iractures. The n a 
metaphyseal fracture is usually stable and reat 
by conservative means, tf 1 

acceptable 
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Video AO2007t bedal 
der image 
óa fed K-wire 
‘as W joystick will be needed (Pig. 4.2.1 t2¢/d). 
Stabilization by means of cannulated cancellous 
bane surems is the treatment of choice |5) Video A030009 


Videos 

When moving the cursor over a video still it changes into 
a film icon. Click once and the video is shown in a separate 
window. Stop and restart it using the corresponding 
control buttons in this window or quit with Esc. 


863 


864 Installation guide 
rr fr men ees 


Installation guide 


To work with the electronic version, you will require Apple QuickTime 3.0 
and Adobe Acrobat 4.05 or higher.' If you have installed both, no installation 
is required, otherwise install only the required tool. 


Installation Microsoft Windows Installation Mac OS 

1. To install QuickTime 4.1.2 for Windows, 1. To install QuickTime 4.1.2, start the 
start the program “QuickTimelInstaller.exe” program “QuickTime Installer” located in 
located in the “Tools” folder on the the “Tools” folder on the CD-ROMs and 
CD-ROMs and DVD-ROM. DVD-ROM. 

2. To install Adobe Acrobat 4.05, start 2. To install Adobe Acrobat 4.05 for PPC, 
“Rs405eng.exe” located in the “Tools” start “Reader Installer” located in the 
folder on the CD-ROMs and DVD-ROM. “Tools” folder on the CD-ROMs and 

3. Restart your computer. DVD-ROM. 


3. Restart your computer. 


After successful installation start the PFxM electronic publication by double- 
clicking “PFxM.PDF” on the CD-ROM/DVD-ROM “PFxM2000’. 


For Internet connection you will need either Netscape Navigator or Microsoft 
Internet Explorer, both version 4.0 or higher (not supplied). 


' In case you are facing difficulties while running video clips, 
please download the latest version of QuickTime and Acrobat 
Reader from the Internet: 
http:/Awww.apple.com/quicktime/ 
http://Awww.adobe.com/products/acrobat/readstep.html 


